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INTRODUCTION 

This  report  includes  abstracts  and  bibliographic  lists  on 
contractual  subjects  that  were  completed  in  March  1973.  The 
major  topics  are  laser  technology,  effects  of  strong  explosions, 
geosciences,  particle  beams  and  material  sciences.  A  section  on 
miscellaneous  interest  is  also  included.  A  report  on  a  Soviet  tunneling 
rocket  was  published  separately  as  the  March  optional  topic. 

Laser  coverage  is  generally  limited  to  high  power  effects.  All 
current  laser  material  '.s  routinely  entered  in  the  quarterly  laser 
bibliographies . 

An  index  identifying  source  abbreviations  and  a  first-author 
index  to  the  abstracts  are  appended. 


i  *  • 

l/f 


TABLE  OF  CONTENTS 


0 

0 

D 

0 

0 

0 

0 

0 

[] 

0 

0 

0 

0 

D 

0 

D 

II 


1.  Laser  Technology 

A.  Abstracts.  .  .  .  , 

B.  Recent  Selections 

2.  Effects  of  Strong  Explosions 

A.  Abstracts . 

B.  Recent  Selections 

3.  Geosciences 

A.  Abstracts . 

B.  Recent  Selections 

4.  Particle  Beams 


1 

20 


24 

62 


<7 

104 


A.  Abstracts .  2  23 

B.  Recent  Selections .  239 

5.  Material  Science 

A.  Abstracts .  243 

B.  Recent  Selections .  2  65 

6.  Miscellaneous  Interest 

A.  Abstracts .  284 

B.  Recent  Selections .  286 


7.  List  of  Source  Abbreviations  . 

8.  Author  Index  to  Abstracts  .  . 


« 


if 


I  •  I.a.scr  TfchnoloL' 


a 

u 

o 

[] 

f  r>. 

U 

(] 

LI 

0 

0 

D 

0 

0 


0 

0 

0 

o 


[ 

r 


Ali/ev,  Yu.  M.  ,  O.  M.  Gradov,  and  A .  Yu. 
Kiri y.  Anomalous  dissipation  of  powerful 
electromagnetic  radiation  and  its  penetration 
of  confined  plasma.  ZhETF  P,  v.  17,  no.  3, 
1973,  177-179. 


stationary  penetration  of  semi -confined  plasma  (z  >  0*)  by  a 
transverse  electromagnetic  wave  is  analyzed  with  allowance  for  interaction 
of  the  excited  longitudinal  oscillations  with  the  inhomogeneous  pumping 
f.etd.  Normal  incidence  of  the  transverse  wave  is  considered,  the  frequency 

>  °f  WhlCh  15  Cl°SC  *°  ,hat  °f  lh'  P'a*™  <“> '  A  powerful  electromagnetic 
told  of  the  incident  wave  promotes  parametric  interaction  of  the  plasma  with 
ton-acoustic  oscillations.  Energy  of  the  applied  field  is  de-localized  by  the 
parametrically  increasing  plasma  and  ion-acousti-  noises  and  converted  to 
energy  of  longitudinal  noise.  Thus,  the  amplitude  Eq  (z)  of  the  transverse 
wave  decreases  with  increasing  distance  from  the  parametric  interaction 
region.  The  distance  at  which  energy  fluxes  of  the  applied  field  and  longi¬ 
tudinal  noises  are  equalized  determines  the  region  of  applied  field  localization. 
Accordingly,  depth  L  of  penetration  by  the  pumping  wave  is  given  by 


tr 


(1), 


where  K  is  the  maximum  value  of  the  increment  K2"  <tt>,  k„)  of  parametric 
increase  of  ion-acoustic  and  plasma  waves,  Str  =  k  C2E  2/4  *  U'  and  3  1 
are  the  energy  fluxes  of  the  transverse  and  Langmuir  oscillation,  in  the 
plasma,  respectively,  and  k<)  =  -  a,  2  Thc  formula  for  k  is  derived 

y  solving  a  dispersion  equation  for  k,  =  k;  (<d.  k|  ,,  -  ikn  (p,  k  ,,  where  k„ 
is  the  projection  of  the  wave  vector  at  the  plasma  boundary 
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The  flux  S*  is  expressed  as  a  function  of  the  spectral  energy 
density  W«Te  of  plasma  noise  and  the  phase  volume  A3k  of  plasma  oscillations 
in  the  k2«  k  region.  The  effective  conductivity  <reff  and  collision  frequency 
V  eff  corresPonding  to  L  of  Eq.  (1)  are  expressed  by 


eff  4  n  L 

O 


The  °eff  value  which  may  be  achieved  under  actual  experimental  conditions 
of  plasma  heating  byaNdglass  laser  is  estimated  for  a  hydrogen  plasma  with 
dens  ty  Ne  =  10  cm  ,  electron  temperature  T  =  16  keV,  and  T  /T.  >12. 
The  laser  parameters  are  given  as  U)q  =  1.  78xl01?  sec-1  and  Eq  <  6xl08  v/cm. 
In  this  case,  using  (2)  and  the  expressions  for  k  and  S  *  ,  the  formula 

,'-ff/,'.»  5  •  10-6  (3) 

is  obtained. 


Sukhorukov,  A.  P.  ,  S.  Ya.  Fel'd,  A.  M. 
Khachatryan,  and  E.  N.  Shumilov.  Station- 
ary  thermal  sclf~focusing  of  laser  beams. 
IN:  Kvantovaya  elcktronika,  no.  8,  1972, 
53-60. 


Thermal  self-focusing  of  a  continuous  laser  beam  in  non- 
iincar  medium  is  analyzed  under  assumptions  of  geometrical  optics,  i.  c 
without  allowance  for  diffraction.  Ray  propagation  is  described  by  the 


equation 
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“•=  -  *  exp  (-  v)/|/?„  (r.)  /,],  (1  ) 

where  f  =  r/r  is  the  relative  ray  separation  from  the  beam  axis  Z,  r  is 
r  u  o 

the  initial  ray  coordinate,  e  is  the  linear  absorption  coefficient,  and 

('•.)  =  2»cy./\(,hi/<IT)  ro  (r0)J  (2) 

is  the  charactt  ristic  of  nonlinear  refraction  intensity.  Eq.  (2)  shows  that 

1  HJl(V  is  a  function  of  the  coefficient  h  of  thermal  conductivity  and  the 

mean  intensity  in  the  beam  guide  T(r  )  =  P  (r  )/(  wr  2),  where  P  (r  ) 

o  o  o  '  o,F  o'  of 

is  the  initial  power.  Hence  different  rays  exhibit  different  curvatures  in  a 
thermally  self-focusing  medium  because  of  nonlinear  refraction,  with  ultimate 
formation  of  an  aberration  image. 

Solution  of  (1)  for  different  absorption  coefficient  « R  „  values 

H7I 

enables  us  to  plot  the  spherical  aberration  images  of  an  axisymmetric  cylin¬ 
drical  beam  (Fig.  1)  and  of  a  two-dimensional  wave  with  a  strongly  prolate 

r//r  °  * 


focusing  in  media  with  differ  ent  . 

cross-section.  Fig.  1  shows  that,  in  the  case  of  strong  absorption  (•Rljn>  1), 
a  relatively  strong  nonlinear  refraction  of  rays  occurs  in  the  first  layer  only. 
Thus  a  strongly  absorbing  medium  acts  as  a  thin  thermal  lens  with  a  focal  length 
RH/l^ro)'  In  a  weakly  absorbing  medium  (•  R^  <1),  thermal  self-focusing 
occurs  over  the  entire  nonlinear  medium  up  to  the  focus  (0  <  z  <  ).  Rays 

which  are  parallel  at  the  medium  boundary  intersect  the  z  axis  at  a  distance 
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j  1 2 

ZV  =  [trRHJ|(ro)/ftJ  •  Spherical  aberration  images  fire  shown  in  tw- 
particular  cases  of  self-focusing:  a  Gaussian  beam  I  =  I  (0)  exp  (-r  2/a2) 
and  a  beam  with  intensity  breakdown  on  the  axis,  I  =  I  °0)  (r  4/a4)°exp 
(-2ro2/a2,.  T ha  length  of  aberration  field  the  fi°„,  °  J 
eo  thal  of  self-focusing  for  a  ray  r<j  =  a  and  rays  intersect  the  a  axis  in 
different  points.  In  the  second  case,  the  further  the  beam  probates  in 

the  medium,  the  thinner  is  the  ring  and  the  slower  the  contraction  of  its 
diameter . 


In  the  case  of  two-dimensional  wave  aberrations,  the  beam  contracts 
main  y  along  the  small  diameter.  Qualitatively,  the  pattern  of  beam  paths  in 
a  mod-  im  of  arbitrary  absorption  is  the  same  as  that  in  the  spherical 
aberrations  system.  Ray  paths  in  media  with  OR^  <  1  or  OR  >  I  for  the 
cylindrical  beam  and  in  a  medium  with  arbitrary  absorption  of  a  two- 
dimer  sional  wave  can  be  described  by  formulas  derived  from  (1). 

Another  type  of  aberration -astigmatism  of  a  nonlinear  thermal  leas¬ 
ts  analyzed  for  the  near-axis  part  of  the  beam.  This  type  of  aberration  is 
caused  by  the  difference  in  curvature  of  the  phase  wavefront  of  a  beam  with 
e  iptical  cross-section.  Assuming  an  invariable  intensity  profile,  the  authors 
show  that  a  set  of  two  differential  equations  describe,  the  dimensionless 

sr?VZ'PBe  haU'aXeS|  f>  (Z|andf2  Production  of  the  mean  beam 

radius  f  into  this  set  of  equations  gives  a  single  equation 

dijl(dz')  exp  (-Uz) /(/?,„/).  (3) 

in  the  same  form  as  (1).  In  the  case  of  a  beam  parallel  at  the  boundary 

entrance  (the  principal  curvature  radii  of  the  initial  wave  front  R  s  r  - 

the  elliptic  cross-section  in  the  first  focal  plane  (f,  ,  0?  becomes  a  straight' 
me  Z(a2  -  a,)  along  the  major  axis  a^  and  a  straight  line  orthogonal  to  the 

thC  SeC°nd  f°Cal  <f2  =  »>■  The  elliptic  cross-section  of  a  beam 

With  linear  astigmatism  (R,  i  R,,  can  convert  to  a  circular  shape  ahead  of  the 
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CUS'  A  de,a“ed  anal!'sis  iE  mat*e  °f  the  optical  field  in  the  focal 
region,  with  allowance  for  diffraction.  A  correction  is  introduced  into 

k.  equation  of  dimensionless  width  of  a  Gaussian  beam  in  an  aberration- 

OW,"S  l°  ““  «"  aPProximation  non, inear 

rac  ion  of  the  beam  is  too  high,  R  (a,  K  2.3  R  is  substituted  for 

RHJ1(0  u,  the  c„ed  equation.  Thus,  the  critical  powder  of  the  beam  self- 
channeling  (f  =  1,  is  increased  by  a  factor  of  2.  3  relative  to  the  aberration- 
ree  approximation.  The  Gaussian  beam  radius  f  and  field  axial  intensity  I 
were  computed  with  the  help  of  the  corrected  equation  over  a  wide  ran  1  of 
medium  absorption  (YR  and  beam  input  power  R  /R  -  p  /p  . 

KD  .  the  length  of  diffracted  beam.  A  Epical 

m  nonlinear  medium  (Fig.  2,  shows  positions  of  the  firs,  focus  ,  and  the 


/ 

J  max 


rf®'  ^'  Typical  pattern  of  dimensionless 

am  width  and  beam  axial  intensity  variations. 


field  intensity  peak  z 


ln,e„,i,vTW0  Cri‘eria  °f  SClf-f"CUsinS-namely  beam  contraction  and  field 

1th  If1"'  ,are  analy2ed  USine  the  “*«*  «•“«»  o'  *■»  Gaussian  beam 
•  erpolation  of  the  computer  data  obtained  for  »R  e  ]0’3  1  and  5 

Gave  the  formula  of  the  input  power  D  ' 


f,o •  .73 + 2, 1 G/  («/?,,)  ]t 


at  which  a  beam  contracts  by  half 


in  a  medium  of  arbitrary  absorption.  Eq. 
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”'"7"  . . . . (mini,,,,,,,,  y  focus  OCcur.  (or 

total  absorption  of  Pq  at  a  distance 

—  (1  +  /?*//?'  )■ 

(5) 

The  calculated  f*  plot.  (Fig.  J,  show  that  f  in  the  focus  decreases  with  the 


’  >,s  zt/Ra  ' 

ftsgnn*ir~' eam  .^traction  f<p  in  the  focus  versus 
}  osition  z^/Rp  for  pyR  _  io -3  (i)  i  f2)  anri  >  , 

Arrows  andicate  Erections  of  increase  ii  !a put  plwet^’ 

increase  in  input  power,  while  the  focal  point  moves  away  from  the  medium 
boundary  to  a  maximum  distance  z  whirh  •  i 

medium  r  i  ’  9  max’  h  h  ionger  in  a  weakly  absorbin 

, CUrVe  1  ^r0"'5  *  th“  th—  ««..  Computation  of  the 

usi  y  exp  ( -rvz)/f  data  gave  the  interpolation  formula 

Pa  *»  A,.[0,2f)(z/?;(  +  2. 1 7  +  1 .4*1  /(«#,,)  ]. 

(6) 

for  a  two-fold  I  gain  ,I/Xo  .  2).  which,  m  contras,  to  <4>.  gives  P  .  .  3  3, 

or  sc  -focusing  a  medium  with  =  2.37.  The  point  z  VTh  R 

and  power  extinction  at  that  distance  is  71  =  exp  {-(VZj)  =  0.  25,  D 
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,  .  /Vni‘ly"iB  df.lurUu.cu  of  Ihu  laser  beam 

P  f.  c  and  phase  from  in  a  ntmlinear  mc(Jium  indicates  ^  ^  ^ 

e  1-  ocuses  faster  than  disturbance  develops.  Thus,  stationary  thermal 

;t;nCU“"8  SU“iCien'ly  ^  proceeds  Without  beam 

me  urn  filame"tS'  **  “  *  'h=  -  -  local, y  nonlinear 


Baksht,  R.  B.,  Yu.  I.  Bychkov,  and  G.  A. 

McSyalS-  feasibility  of  using  the  mpnr 

formed  on  a  target  by  a  powerful  ekrfmn 
beam,as  a  medium  for  generating  coherent 
radiation.  Kvantovaya  elektronika,  no.  3, 
1972,  89-90. 


forminp  ,h  The  aUth°rS  ProP°ee  “  explosive  emission  technique  for 
g  the  VaP°r  “  a  metal  ™P“r  laser,  thereby  avoiding  the  usual 
necess.ty  of  a  high  temperature  system  o,  vaporization.  The  method  use 
the  multi-needle  cathode  developed  by  Mesyats  as  shown  in  Fig  ,, which  , 


Tfnrm 


Fig.  1  Field  emission  technique  for  metal 
vaporization.  ai 

l  -  cathode  needles;  2  -  anode 

sufficient^  ^  ‘  hi8h  V°Uae0  PU‘Se  deVe‘°PS  "  eXtCnded  hi8h  curr 

to  vaporize  a  large  area  of  anode  surface  over  an  interval  of  1  c 


Call  "laltonn  and  nxportmont.  shew  that  the  ionisation  ot  the  resultant 

.ntorelectrodc  vapor  can  lead  to  population  inversion  it  optimum  energy 
conditions  are  maintained.  67 

,  ,  -5  T£/2nC.2Cnt  enerey°*  ^  anode  surface  is  given  by 

<1  =  3.67,=, 0  uo5/2d  2S  in  w/cm2,  where  u^  diode  voltage.  d=  diode 

spacing,  and  t  is  a  numerical  factor  on  the  order  of  unity.  It  is  shown 
that  an  optimum  q  exists  for  given  conditions,  e.g.  for  uq  ,  200-300  kv 
an  1-2  cm,  q  should  be  in  the  10-10  w/cm2  range;  a  higher  density 
resu  ts  in  a  less  efficient  vaporization  in  terms  of  input  pulse  energy 

Since  the  current  rise  time  for  the  field  emission  discharge 
is  relatively  slow  nn7  in  ^  ^ 

"  a/sK|,  “  may  be  necessary  to  provide  a  fast- 
rise  followup  voltage  pulse  to  the  existing  vapor  region  in  order  to  obtain 
population  inversion. 


Kaliski,  S.  Conductive  laser  heating 
iLf..n-onhorPOfieneous  plasma.  Bulletin 
de  l'Academie  Polonaise  des  Sciences, 
serie  des  sciences  techniques,  v.  20, 
no.  12,  1972,  211  (963) -215  (967). 

bv  the  ,h  A  aimPWia<i  method  ofmomentums,  which  was  introduced 
au  or  in  the  same  periodical  Tv.  20,  1972,  1(35)  and  7(41)]  for 

rrr  an,d  crndricai  waves  in  w-*^**™ extended 

O  u„on  of  the  plane  wave  problem  in  a  nonhomogene ous  plasma  healed 

of  th  a?r  T  °  me‘h0d  °f  S°lVing  averaeed  aquations  is  based  on  assumption 

of  -ho  electron  mechanism  of  hea,  conduction  and  disregards,  in  a  firs, 

approximation,  the  fusion  energy  recovered.  I,  is  shown  tha,  the  general 


solution  obtained  by  the  simplified  method  describes  weak  inhomogeneities 
more  realistically  than  the  solution  obtained  by  the  classical  method  of 
momentums.  In  addition,  a  closed  form  solution  was  derived  for  linear 
inhomogeneities  (two-temperature  plasma).  It  is  noted  that  a  general 
simplified  solution, but  not  in  closed  form,  can  be  obtained  for  the  spherical 
or  cylindrical  wave  with  allowance  for  the  recovered  energy  of  nuclear 
fusion.  Th?  author  concludes  that  the  cited  solutions  extend  to  some  degree 
the  range  oi  averaged  description  to  inhomogeneous,  specifically  weakly 
inhomogeneous  media. 


Volosevich,  P.  P.  ,  S.  P.  Kurdyumov,  and 
Ye.  I.  Levanov.  Various  thermal  heating 
regimes  from  interaction  of  intense  radiation 
flux  with  matter.  ZhPMTF,  no.  5,  1972, 

41-48. 

Gas  dynamic  and  thermal  processes  induced  by  high-power 
laser  radiation  interacting  with  matter  are  analyzed,  with  allowance  for 
nonlinear  electron  thermal  conductivity.  Sublimation  energy  is  considered 
to  be  negligible  in  comparison  to  thermal  and  kinetic  energy  of  vapors  formed 
by  the  interaction.  Two  boundary-value  problems  of  radiation  gas  dynamics 
are  treated  on  the  following  assumptions.  Problem  A  assumes  that,  near  the 
gas -vacuum  or  gas -piston  boundary,  radauon  flux  q  =  q  t*.  where  q  and  q 
are  constants  and  t  is  time,  is  totally  absorbed  and  heat  transfer  in  the  gas 
occurs  by  the  heat  conduction  mechanism  only  (q  =  0).  In  problem  B,  q(0,  t)  = 
q0t  flux  interferes  with  heat  transfer  according  to  the  equation 

dq/dm  ~  -  A'07’V,“,<7  (1) 

where  m>0  is  the  Lagrangian  mass  variable,  and  T  and  p  are  temperature  and 
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density,  respectively.  Additional  boundary  (m  -  n,  ,nrf  •  ,, 

conditions  are  formulated  for  both  problem.  The  d  ,m>0’ 

similar  solution  to  both  the  A  and  n '  ,  C°ndm°"  of  Self' 

u  oom  tne  A  and  B  problems  is  that 

g  =  3/2  (a-1) 


(2) 


The  additional  condition  to  problem  B  solution  is 
a,  —  ll  2  —  a 

(3) 

^^r:,r;r:6,on,rs  i'~,s  °f  t  sn  thc  <*«■.. 

Self-similar  XL  17  ^ 

-  - — —  * 

thc  “iJ'“ce  in  a  "toying  mrftlm  “fTwo  diffetenThe  ,0lUti°n  “ 

supersonic  and  subsonic,  which  are  h  ea  Propagation  regimes; 

first  (TW-I,  and  the  second  kind  (TW-li TllT^  ^  Waves  of 

the  case  of  completely  ionized  plasma  (g  =  ^  The  TW^I  “  "  8h°Wn  ^ 

condition  that  ’’  TW-I  regime  exists  on 

I\',  K"'' 

t-  ^  v  '*♦  — - — 

H> 

and  "IW-II  regime  exisi«!  mm  tk 

b  me  exists  on  the  inverse  condition  F  in  /ax  •  , 

radiative  energy  incide„t  upon  lhc  mcdium  '  ,  ’  “  '  '  ‘°U' 

initial  values  of  p  and  »,  and  R  is  the  oas  ’  P°  lh' 

constant  X  *  iB  determined  h  constant.  The  dimensionless 

determined  by  numerical  self-similar  solution  to  problem  , 

changes  to  the  2TuT'TW-uT"  “  “  arbi'r*r,r  6  «*“« 

heating,  i.e.  between  the  TW-II  front  d  rc*m'  exists  ,n  the  region  of 

TW  II  front  and  the  vapor-vacuum  boundary  (Fig  1, 
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f'lg-  l.  Dimensionless  temperature  f  versus  self- 
similar  variable  s. 


Pressure  PT  at  the  TW-I1  front  can  be  approximated  by  the  pressure  P 
at  the  front  of  shock  wave  propagating  ahead  of  TW  through  the  medium^* 
p  =  Pq  (Fig.  2).  This  approximation  makes  it  possible  to  connect  self-simi 


Fig.  2.  1  W - II  propagation  pattern 


similar  she  'k  °  ^  ™T  ^  ^  ProPaKal‘°n  with  the  nonself- 

-  i:  :;;;ormThu-' ,hc  •-«« ..  A 

m  o  jx, 

v(m>t)r  <«(**) 7"  M  *//<*+!> 

r(".0-/Mji"  **  «//"«** 

P  («,/)-  'ft  H**,)  J*,  j  , 

w  her  erf  •»  2«  l  |  _ 

.  ,  .  11 '  (m  0  '"^7^.  7(m. /)  v 

whertT,,)  '•«  *  o  at  Oo  9  (! 


,  +  T  ‘  2r 


w*‘ T--T*  »•  - 


.-HTn^r  V(m*  °  ind  W(m*  0  ^  <5>  -  velocity 

and  thi  heat  flux  due  to  «•  I ••  ■- 1 ,u  ■  ' 

solution  of  ,5,  ,.  .,„  "  ”"7  C°nd“C'tv‘,>'’  «.p.c.l—ly.  The 

t  I  ■eif  sjmnar  at  an  arbitrary  p  >  -1  ti.  t  , 

heating  depth  m—  and  p  at  the  TW  from  ~  '  Th'  '0r™'** 

„  .  *  7  1  ,nc  *  w  front,  mass  velocity  D  and  mass 

coordinate  m.  of  the  .hoc,  wave  are  derived  front  ,5,.  “  th 

cited  shock  wave  and  TW  ,  y  comparing  the 

simil  i  parameters,  critical  time  f  of  change  to  a  self- 

imiiar  regime  was  determined,  to  be 

•  ^  ‘l  ,f’  (7  Oih  «  .1  --  h,  C-  |)*i,  i(lSjt  ».  x 

Wd-y.  -»  *  ’  (6) 

“  *■ u  -  - — 

If  3a  ♦  ,.3b  >  o''  f0>‘r’  a0"*  ,hi‘'  *  ™«lm.  ex,.,.  „  ,  > 

— Tw-n 

rwT.ojTn  r  ■‘10Ck  rCe'0",  A'  •««•••'«  from 

i  e  i  7  °CCUr’  "*<0  ,hC  **>mP'o"r  Ph*«c  of  heating  or  a, 

.elf!;,™,  '7  ?  ,0'  "  *  "0  ■  «■>'•  A,  g  >  ,  the  ini,,., 

Stn-t,  ,f,  dV  7  ***  *  TW‘'  ,n  ,h'  phase 

Simplified  formula,  are  given  for  calculating  T  (m.  m  and  ,  , 

particular  case  of  constant  radiation  flux  at  the  ho  a  \  °F  * 

Ionised  gas  (a  •  5/2,  p  ,  0)  ""  **r  *8  01  *ni1  lo,*lll' 
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Ulyakov,  P.  I.  Hifih-tcmpcrature  vapor- 
2z*tion_of  me  tala  I-FZh,  v.  U,  no.  2, 
1973.  256-261. 


The  electron  component  of  heat  capacity  i.  taken  into  account 
in  calculation  of  the  thermodynamic,  of  equilibrium  vaporization  of  metale 
Saturated  vapor  prea.ure  i.  calculated  a.  a  function  of  temperature  T- 


By  aubatilution  in  (l),  the  linear  rate  of  metal  vaporization  v  la  found; 


e 


(2) 


where  v 


k  ■  PoV,  v/>/RTk. 


The  dependence  of  .aturated  vapor  prea.ure  p  and  of  the 

liner  v.porlz.tton  rule  v  on  dlm.n.tonle..  lempcr.turc  .nd  .ho  dependence 

Ol  vaporization  parameter,  (.aturated  vapor  pre.urc  p.  r.,e  v  and  temper- 

.tore  V)  on  the  drn.lly  of  the  encryy  ab.orbed  by  the  metal  are  .bourn  In 

F **'  '  and  1  ,or  *lumlnum  and  copper  and  for  Iron,  aluminum,  copper  and 

tin,  rrapectively 


In  high-tempe rature  vaporization  of  metal  without  ah*eldin3 
of  it.  .urface.  there  i.  a  certain  limit  which  i.  governed  only  by  the 
proper! lea  of  the  vaporized  material  The  maximum  vaporization  rate  i. 
reached  at  a  aomewhat  lower  temperature  than  maximum  prea.ure 
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I  Dependence  of  saturated 
vapor  proa  fur  i*  p.  N'/m2.  ard 
linear  vaporization  rate  v,  m/in  . 
on  diitn-niionlt'M  temperature  u 
for  aluminum  ard  copper. 


f"  >K  £  Dependence  of  vaporization 
parameters  of  pressure  p.  rate  v 
and  temperature  V  on  the  density  of 
the  power  of  energy  q  absorbed  by 
the  metal  for  Iron,  aluminum,  copper 
and  tin;p  -  N/m2;  v  -  m/sec:  q  -  w/cm 


Veyko.  V.  P.  .  G  A.  Kotov.  M  N.  Libenson. 
and  M,  N  Nikitin  Thermochnnlui  effects 
of  User  radiation  DANSSSR.  v  20K.  no.  3. 

1973,  587-590. 

l  aser -induced  localized  chemical  reactions  on  the  surface 
or  within  a  solid  material  were  studied  in  hln  chromium  films  vacuum- 
deposited  on  a  glass  substrate  Free-running  Nd  glass  laser  pulses  of  1-1.  5 
msec  duration  and  I -10  j  energy  were  focused  on  a  rectangular  area  of  the 
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<  r  film  Ini  idcni  power  density  w.m  10  -10  w/cm  at  the  surface  Ar. 

*  low  l«iw r.iile  etching  uf  the  locally-irradiated  films  was  observed, 
both  when  they  were  irradiated  in  an  oxygen  atmosphere  and  in  a  10  ^-10  torr 
vacuum.  This  effect  is  explained  by  the  presence  of  an  adsorbed  or 
chemisorbed  oxygen  monolayer  on  film  surfaces  stored  at  room  temperature 
In  disagreement  with  theoretical  estimates, the  preirradiation  number  of 
oxygen  atoms  adsorbed  ia  therefore  sufficient  to  saturate  the  film  surface 
with  oxygen  during  irradiation  The  kinetics  of  thin  chromium  oxide  film 
growth  was  examined  by  measuring  the  film  electrical  resistance  during 
exposure  Variations  in  the  resistance  during  a  laser  pulse  were  recorded 
by  two  oscilloscopes  (Fig.  I)  Oscilloscope  traces  of  current  variations 


Chromium 


Fig  1.  Experimental  circuit  for  study  of  oxidation 
kinetics:  I  •  loop  oscillograph,  2  -  CRO. 

show  an  increase  in  resistance  of  films  heat-treated  before  irradiation  tn 
an  oxygen  atmosphere  This  increase  in  R  results  from  a  decrease  in 
conducting  layer  thickness  owing  to  oxide  film  formation 

Thickness  x(t)  of  Cr?0.  films  during  a  pulse  of  T  *  I  msec  and 
■4  2  £  J 

10  w/cm  ard  theoretical  x(t)  were  calculated  using  oscilloscope  traces  and 
the  Cabrera-Mott  theory  of  diffusion -controlled  growth  of  very  thin  films, 
respectively  The  theoretical  x(t)  were  in  good  agreement  with  the  expert- 
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im  m.it  x(i)  data  (1  ig.  2)  to  I  ft  0,6  msec.  The  divergence  between  the 


two  curves  after  t  =  0.6  msec  was  tentatively  attributed  to  decay  of  the 
actual  laser  pulse  and  a  consequent  slower  temperature  increase,  and  an 
Xexp  in  relaUtMi  to  *t|K.or.  An  approximate  evaluation  yielded 

alms  of  x(ju.or  ft  70  A  and  x(,xp»<5  A-  The  discrepancy  between  the  two 
x  values  is  acceptable  in  view  of  the  uncertain  Xj.  diffusion  activation  energy, 
ana  film  temperature  values  used  in  the  calculations.  In  addition  to  Cr. 

<  xtdation  of  Fc-Ni-Co  and  Cr-SiO  alloys,  reduction  of  MgO-MnO-Fe^ 
ferrites,  and  other  reactions  were  induced  by  laser  radiation 


Plis,  A  I.,  Ye.  L.  Tyurin,  and  V.  A. 

Shchegiov  Heating  of  materials  by  short 
ja_scr  pulses.  ZhTF,  v.  17.  no  12.  1972. 

256B-2576 

In  connection  with  the  use  of  laser  energy  for  heating  solid 
materials  to  fusion  temperatures,  a  theoretical  analysis  is  given  of  two- 
dimensional  solid  target  heating  by  ultrashort  (t  <  10*11  sec)  powerful  laser 
pu  scs  The  heat  conduction  and  gas  dynamic  unloading  of  the  heated  material 
are  taken  into  account.  A  density  profile  n(x)  and  the  optimum  heating  con¬ 
ditions  of  a  plasma  layer  formed  by  single -pulse  interaction  with  the  target 
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are  defined  lor  ice,  lithium  deuteride, 
for  neutron  generation. 


or  polyethylene  materials  used 


An  analytic  method  was  developed  for  calculating  plasma 
layer  temperature  T„m  and  energy  Q  ab.orbed  in  the  pla.ma  at  the  pul.e 
eut  -on  time  tf  Pul.e  reflection  from  the  cut-off  boundary  x  .  where  the 
electron  den.ity  i.  „c  =  10  /cm3,  i.  taken  into  account  in  calculation.. 

With  allowance  for  additional  pla.ma  heating  by  the  reflected  pul.e,  the 
approximate  formula,  of  Q  and  TUm  for  an  arbitrary  n(x)  are.  re.pectively. 


-  (7  ’,»)‘(*',rt«S.V/'  J  (hr  (erg/.q.  cm) 


(1) 


and 


lim  \  3",  /  (er8)' 


(2) 


where  fo  is  the  pulse  energy  density  (erg/cm2)  and  a  is  a  constant.  It  was 
found  that  by  allowing  for  reflection,  absorption  increases  by  32%.  The 

maximum  Q,  for  a  given  initial  thickness  xq  and  electron  density  n  of  the 
plasma  layer,  is  given  by 


V*1.3 

The  lifetime  of  the  absorbing  layer  with  optimum  parameters  is 

/  --  _ 


(3) 


(4) 


where  cQ  is  the  initial  sound  velocity  at  Tc  =  T..  At  pulse  cut-off  the 
electronic  heat-conduction  wave  and  the  unloading  wave  start  to  propagate 
into  the  target  material.  These  processes  arc  distinguished  by  the  equality 
1  o  s  Ti  at  ,hc  time  \.i  which  a  noticeable  fusion  reaction  sets  in 
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Plasma  heating,  with  allowance  for  the  cited  pr 
»k  described  by  a  single  universal  integrodifferential  equation, 
dimensionless  time  t  =  t/T_>Q  the  self-similar  solution  of  this 
with  exclusion  of  gas  dynamic  terms,  is 


ocesses, 
At  the 
equation, 


T--  (9 /)-*/, 


Jr 


(5> 


where  T  =  T/S  is  the  dimensionless  temperature,  and  x  ex  /6  is  the 
dimensionless  coordinate  of  the  heat  wave  front.  Comparative  T/0  and  X  /« 
versus  ,/t  pl„,s  calculated  from  (5)  and  the  universal  equation,  together  with 
plots  of  the  unloading  wave  coordinate  xjl  versus  t/T,  show  that  the  unloading 
wave  overtakes  the  heat  wave  in  a  finite  time,  and  adiabatic  expansion  of 
plasma  occurs.  A,  a  time  .  =  r,  separation  of  *T  from  xg  is  a,  a  maximum 

(xs'xT  =  0,4)  and  TcKTi’  Thc  fusion  neutron  yield  io  calculated  from  this 
time  onward  tring  thc  given  solutions  and  data  from  the  literature  The 
neutron  yield  N  and  the  total  fusion  energy  Qf  e  were  accordingly  calculated 
for  solid  deuterium  D  and  a  D-T  mixture,  respectively,  and  were  plotted 
against  the  absorbed  Q  (Fig.  1  and  2).  The  lifetime  of  a  hot  plasma  was 


Fig.  1.  N  versus  Q  plot  for  a 
solid  D  target,nd  =  5xl022cm“3 
Dots  are  for  literature  data. 


Fig.  2.  Relative  fusion  energy 
yield  ^  / Q  and  plasma  average 
temperature  T  versus  Q  plots  for 

DJfd  =  f-4xl°22cm'3)-T(nt  =  3  .  ox 
10  cm-3)  target. 
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calculated  to  be 


tt./h.  &  T  — -  WnZX>\ 

.  ^  8  2 
At  T{  =  10  sec,  Q  =  3x10  j/cm  is  required  to  attain  a  Q,  /Q  =  l  ratio 

f .  e 


(6). 


Aksel'rod,  I.  L.  ,  and  A.  Z.  Volynets. 

Development  of  a  sublimation  process 
in  a  monochromatic  e-m  radiation  field. 

EOM,  no.  5,  1972,  52-55. 

A  brief  theoretical  study  is  given  or.  sublimation  processes 
generated  on  a  surface  exposed  to  monochromatic  radiation.  The  sublimation 
characteristics  are  derived  in  terms  of  the  temperature  stress  developed  in 
the  irradiated  surface,  assuming  a  relatively  thin  planar  target  with  normal 
incidence  of  the  beam.  The  first  step  in  the  solution  is  to  define  the  temper¬ 
ature  field  and  then  to  deduce  the  resultant  stress  relationships  from  the 
field.  An  expression  for  maximum  attainable  temperature  stress  is  finally 
obtained  in  term3  of  beam  and  targec  parameters.- 


A  theoretical  numerical  example  is  then  given  for  the  case  of 
fresh-water  sheeUce;  this  shows  that  incident  power  densities  on  the 
order  of  7Q0  w/m  would  be  sufficient  to  generate  surface  cracks.  However, 
since  ice  has  flow  properties,  the  derived  solutions  would  only  apply  for  a 
sufficiently  thin  layer  in  which  the  temperature  field  is  rapidly  established. 
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Andreyev,  V.  ,  and  P.  I.  Ulvakov  TK 
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Bykovskiy,  Yu.  A.,  V.  Ya.  Gamlitskiy  N  I  Grih„ 

Nikolayev.  Mocssbauoe  '  '  °V’  ",d  L  N' 

~~~ - - - ct.-in  iron  films  deposits  by  thrim  1 

IVUZ  Fiz,  no. 

Dzhaksimov,  Ye.  Calculation  „f  t 
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- — aSer  lrradiation.  FiKhOM,  no.  1,  1973,  9.M. 
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elektromka,  no.  5  (11),  1972,  86-88.  3  °Vaya 
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Mann,  O.  Ye.,  N.  F.  Pitipetskiy,  and  V.  A.  Upadyshev.  Formation 
of  laser-initiated  cracks.  MP,  no.  I,  1973,  82-89. 

Mirkin,  L.  I.  Mechanical  deformation  and  destruction  of  metals 
from  effects  of  a  laser  beam  with  a^lO'3  second  pulse  duration. 
FiKhOM,  no.  I,  1973,  31-33. 


Mirkin,  L.  I.  ^Feasibility  of  displacement  of  atoms  in  a  solid  from 
the  effects  of  a  pulsed  laser.  IVUZ  Fiz,  no.  2,  1973,  106-108. 

MirKin,  L.  I.  Contact  melt  zone  on  a  for  rite -graphite  interface  from 
qffect  of  laser  pulses.  FiKhOM,  no.  I,  1973,  143  -145. 
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•  FTT ,  no.  2,  1973,  470-478. 


Teslenko,  V.  S.  Optico-h  ydrodynamic  parameters  of  laser  breakdown 
inJiSuids,  IN:  Sb.  VI  Vsesoyuznaya  konferentsiya  Po  nelineynoy 
optike,  Minsk,  1972,  81.  (RZhRadiot,  2/73,  no.  2Ye213) 
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Mechanism  of  shock  ionization  from  optical  breakdown  of 
dielectrics .  FTT,  no.  2,  1973,  444-448 
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of.ultrashort  laser  pulses  in  solid  dielectrics.  FTT,  no  2  1973 
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11  •  Beam-Plasma  InterarHnn 
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KharW.  W2.  57.  (RZhMetroiog.  2/73 ,  no.  2. 3  2.  .J/  ^ 


Kurbatct,  Yu  A  ,  and  V.  F.  Tarasenko.  Time  cjaraOeriaUca 
-i_£Krk  dtscharpes  initiated.by  laser  bursts  PTE,  n0.  ~  1973/ 


aJv'u'  JV  A'  '  Y“-  K  TkaCh'  L  N.  P.  Gadetakiy. 

uRaavioL  7  g^alion^diacha^  using  a  pulsed 

ultraviolet  Ras  laser  PTE,  no.  1,  1973.  140-142.  - - 


Rodichkin,  V.  A  and  r.  V,  d  i 

A.  ,  and  G.  Ya.  Rusakova.  Effectofelectr  ode -target 

polarity  and  lens  focal  plane  DDRitinn  1  - - — ^ 

- caLpiane  position  on  laser-i^,^  discharge 

ZhTF.  no.  2,  1973,  345-398.  - - 

7ZTJ'  ^  V'.'  B'  Ya'  ZOl'dOViCh'  a"dI-  *•  *>*>’"«■.  Effect 

heating  of 

ZhETF  P,  v,  17(  no.  5>  1973(  27 1-274.  * - 

Volobuyev,  I.  V..  B.  V.  Granatkin,  and  A.  I.  Isakov.  Liquid 

detector  for  record,,,,,  neutron  . . 

Eklma.  KSpF,  no.  7,  1972,  69-72.  ~ - ~ 

rak;T-  B"  S'  D’  Kaytm!1ZOV’  A-  “■  Prokhorov,  and  Ye.  I. 

,  °VS  'l  -fcct  °f  mapnetic  field  on  soft  x-radiation  in  ,  laser 
ElMim,  ZhETF,  v.  64,  no.  2,  1973,  481-484,  - ~ 


Vyskrebentsev,  A.  I  and  v,,  -nr. 

I  ’  Rayzer.  Simple  theory  of  hrpaV. 

down  in  monatomic  heavy  eases  in  fieldo  (  i  ^ - ' — - 

- - -*Aases  in  fields  from  optical  freemens 

ZhPMTF,  no.  1,  1973,  40-47; - E-iat  frequency 
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Korobeynikov,  V.  P.  ,  and  Yu.  M. 
Nikolayev.  Shock  waves  and  magnetic 
field  configuration  in  interplanetary 
space .  Cosmic  Electrodynamics,  v. 

3,  no.  1,  1972,  3-24.  (RZhF.  10/72, 
no.  10G83).  (Translation) 


Propagation  ot  shock  waves  generated  by  chromosphere 
solar  flares  in  interpla,  etary  space  is  analyzed.  Plasma  motion  is  describee 
usmp  a  pas  dynamics  approximation.  Four  models  of  the  plasma  perturbat.o. 
source  are  examined:  blast  wave,  piston,  point  explosion  followed  by  piston 
motion,  and  concentrated  perturbation  with  energy  and  mass  input.  The 
magnetic  field  configuration  in  the  shock  wave  wake  was  determined  from 
the  freezing-in  condition.  Theoretical  data  are  compared  with  data  obtained 
by  observation  of  plasma  parameters. 


Ivanov,  K.  G.  Depth  of  an  interplanetary 
shock  wave.  Kosmicheskiye  issledovaniya, 
no.  5,  1972,  768-789. 


Earlier  published  experimental  magnetic  profiles  of  inter- 
planetary  shock  waves  in  solar  wind  were  used  to  calculate  shock  front 
velocity  D  and  transit  time  t;  front  depth  A  =  D,  :  magnetosonic  Mach 
number  Mm;  the  local  mean  free  path  behind  the  front:  the  front  inclination 
in  the  magnetic  field;  and  the  most  probable  value  of  the  parameter  f,  =  8  ,  p 
,  where  p2  is  the  solar-wind  plasma  pressure  and  F  is  the  magnetic  fietc 
intensity.  The  data  are  tabulated.  The  magnetic  profiles  are  vibrational  (V) 
or  step  (S)  types.  The  calculated  A  values  are  in  the  3xl03  -  27xt04  km  or 
-(75-4300)  ranges  of  the  Larmor  ionic  radii  rL2.  Thus,  A  is  102-105  times 
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greater  than  the  usually  observed  depths  of  the  forward  magnetospheric 
wave  front.  The  V-profile  wave-front  is  10-100  times  wider  than  tfc't 
of  the  S-profilc  waves.  At  P>  1  in  the  solar  wind,  the  theory  and  analysis 
of  the  cosmic  probe  data  for  V-profile  waves  yield  A  —10^-10^  cm.  These 
calculations,  however,  are  not  applicable  to  the  solar  wind  at  P  as  1 . 


Kuz'michcva,  A.  Ye.,  L.  I.  Dorman,  and 
N,  S.  Kaminer.  Velocity  of  shock  wave 
propagation  from  geomagnetic  storms  and 
Forbush  decreases.  GiA,  no.  5,  1972, 
918-920. 


The  velocity  was  studied  of  shock  wave  propagation  determined 
from  the  delay  time  At  from  the  start  of  a  magnetic  storm  and  the  incident 
Forbush  decrease  relative  to  a  chromospheric  flare.  The  At  dependence 
on  the  chromospheric  flare  heliographic  longitude  X  is  examined  using  solar 
activity  and  geomagnetic  distribution  data  from  the  literature.  For  the 
period  1957  to  1969,  76  events  with  a  Forbush  decrease  amplitude  of  F  >3% 

and  41  F  =  1  to  3%  events  were  used.  The  plot  in  Fig.  1  shows  a  weak  relation¬ 
ship  between  At  and  X. 
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Fig.  1.  Correlated  dependence  of  At  versus  X 
Dark  circles-  events  of  F  £  3%;  light  circles- 
events  of  F  =  1  to  3%.  The  crosses  in  the  broken 
line  connect  At  values  calculated  at  20°  intervals 
of  A  X. 
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I  If  r.  I.iliuiiNliip  of  Al  to  (h<-  diurnal  Kf)  index  sunt*  preceding 
magm-la  HlorniM  wan  *tu  hud  for  lorbuah  dccreanci  with  amplitudes  of 
F  1  and  £,3%,  both  for  til  flares  and  for  central  ones  (X  *  30°  E  -  30°  W) 
A  rise  in  At  was  observed  in  all  eases  with  decreased  2K  .  Fig.  2a  shows 

At  versus  X  for  all  flares,  and  Fig.  2b  shows  this  dependence  for  the  central 
flares  only. 
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Fig.  2.  At  versus  £K  . 

a*  all  flares,  b-  central  flares  only. 


Variations  in  At  as  a  function  of  Xwcrc  calculated  for  a 
spherical  shock  wave  generated  by  a  plasma  bunch  radially  ejected  from 
the  flare  region.  The  dependence  shown  in  Fig.  3  assumes  the  shock  waves 
arc  generated  at  a  distance  a  from  the  sun. 

A  comparison  reveals  that  a  model  which  assumes  shock  wave 
generation  in  a  flare  region  disagrees  with  experimental  data.  Results  of  the  sti 
ut  in  terms  of  solar  flare  conditions  show  that  the  plasma  bunch  radially 
ejected  from  the  flare  area  generates  a  quasi -spherical  sh  >ck  wave  at 
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Fig.  3.  Relationship  of  Au/At  to 
and  At  -  delay  of  shock  waves  °gen 
by  plasma  bunches  ejected  Irom  fla 
longitudes  of  1  and  3l  «  0°.  Curves 
culated  for  distances  of  0.1,  0.2  0 
0.4  a. u . 


Pclinovskiy,  Ye.  N. .  and  V.  Ye.  Fridman. 
Statistical  phenomena  of  shock  wave  generation 
Akustichcskiy  rhurnal,  no.  4.  1972.  590-5Q4 


Statistical  characteristic,  of  shock  wave  discontinuity  formation 
assumption  that  quasiharmonic  initial  disturbance 
ate  the  waves.  The  initial  disturbance 
•nsidcred  for:  1)  a  normal  initial  disturbance 
a  uniform  distribution  of  the  incident  wave 

frequency. 


length  arc  analyzed  under  the 
with  a  random  envelope  gcn< 
probabilistic  distribution  is 
velocity  distribution,  and  2) 
amplitude  or 


The  one -dimensional  probability  density  W(xi%t)  of  the 
discontinuity  formation  length  ia  used  to  formulate  an  expression  for  the 
normal  distribution  of  the  initial  disturbance  velocities: 

H  W *  »x'2||  +  <I»(|/!?gfl),-*'v} 

~1|r  r  (1) 

where  y.  by  are  dimensionless  variables  andOts  an  integral  Laplace 
function.  For  large  and  small  values  of  *y.  simpler  asymptotic  expressions 
for  W(y)  are  formulated.  The  graphically  represented  YV(y)  had  a  maximal 
value  at  y  t  I/VT7  Based  on  the  graph  and  derived  formulas  for  W(y),  various 
properties  of  the  probability  density  of  the  shock  wave  discontinuity  formation 
length  arc  indicated.  Other  statistical  characteristics  such  as  the  mean 
length  <y>  of  shock  wave  generation  and  variance  by  of  the  shock  wave 
generation  coordinate  are  also  derived.  In  the  case  of  a  uniform  distribution 
of  the  amplitude  and  frequency,  corresponding  statistical  characteristics  of 
*<*.>•  <xs>’  *xs  arc  emulated.  Results  are  valid  for  nonlinear  sound 
waves  in  a  homogeneous  medium,  and  the  study  of  noise  transmission 
through  regular  weakly-nonhomogencous  media.  A  similar  approach  would 
be  feasible  for  nonstationary  media. 


Pelinovskiy.  Ye.  N. .  A,  I.  Saychev  and 
V*  Ye.  Fridman.  Shock  wave  generation 
in  statist  Ically-nonunlform  gas.  Akustich- 
eskiy  rhurnal.  no.  4,  1972,  627-629. 

Continuing  the  analysis  described  in  the  preceding  abstract, 
the  authors  studied  ihc  statistical  characteristics  of  shock  wave  formation 
length  in  a  medium  with  large-scale  density  fluctuations.  One-dimensional 
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sound  waves  in  a  stationary  isothermic  gat  arc  analysed  under  the 
assumptions  that  the  incident  wave  is  nonuniform  and  the  reflected 
wave  is  neglected.  The  solution  of  sound  equations  is  given  as: 
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where  c  -  sound  velocity,  v  -  gas  particle  velocity.  >  -  isentropic  exponent, 
p  -  gas  density,  randomly  dependent  on  the  coordinates,  and  F  is  a  function 
determined  from  boundary  conditions.  The  solution  is  valid  to  the  point 
V  where  the  discontinuity  is  formed.  Then  velocity  at  which  the  discontinuity 
is  formed  is  established,  and  an  equation  for  x§  is  formulated.  The  equation 
indicates  that  the  shock  wave  formation  length  is  a  function  of  gas  density 
with  a  probability  distribution  that  can  be  determined  for  Markov  processes 
only.  The  functional  can  be  considered  as  Markovian  when  the  correlation 
length  1  is  "mall  compared  to  the  length  R#  of  the  discontinuity  formation. 

The  probability  density  Wfx^)  is  consequently  determined  by  solving  the  initial 
Kolmogorov  equation  with  certain  boundary  and  initial  conditions.  For  a 
homogeneous  medium.  W(xb),  mean  <xg>,  and  variance  «rx§  are  given  in 
explicit  iorm.  A  graph  of  Wfx^)  is  presented.  The  authors  conclude  that 
the  results  have  application  in  such  astrophysics  problems  as  the  calculation 

of  chromospheric  turbulence  during  nonlinear  wave  propagation  in  the  solar 
atmosphere. 
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Kuskov,  A.  M.  Calculating  diffraction 
from  weak  shock  wave  interactions  on  a 
plate.  VLU,  no.  19,  1972,  95-102. 

Ar  incident  triangular  shock  wave  is  assumed  to  be 
perpendicular  to  a  rectangular  plate  edge;  the  other  plate  edge  is  rigidly 
fixed.  A  basic  integro-differential  equation,  containing  diffractions i  terms 
and  describing  the  motion  of  a  plate  is  derived  under  the  simplifying 
conditions  of  shock  wave  total  reflection  and  plate  rigidity  before  the  shock 
wave  arrival. 

The  particular  case  of  a  plate  rigidly  built  into  an  infinite 
wall  is  studied.  The  simplest  version  is  initially  analyzed  when  the  transient 
processes  of  diffraction  propagation  over  the  entire  plate  surface  are  completed. 
The  integro-differential  equation  describing  the  plate  motion  is  an  ordinary 
differential  equation  with  constant  coefficients.  An  equation  of  motion  of  a 
plate  for  an  arbitrary  time  interval  is  described,  based  on  approximate 
diffraction  terms  and  the  interpolation  of  the  equation  corresponding 
coefficients.  From  the  basic  equation.an  approximate  equation  is  derived  which 
allows  for  the  diffractional  effect  of  an  arbitrary  time  interval.  The  more 
complicated  case  of  a  plate  which  is  one  of  an  infinite  number  of  identical 
plates  is  also  considered.  Under  various  conditions  for  the  diffraction  terms, 
an  equation  of  motion  is  formulated  for  such  a  plate  subjected  to  a  weak 
shock  wave. 

The  derived  equations  are  nonlinear  with  variable  coefficients. 
The  final  equation  can  be  substantially  simplified  assuming  that  the  coefficient 
are  sums  of  2t^  and  2tjj  per;  die  functions  and  the  ratio  of  these  periods  is  a 
rational  rumber.  The  nonlinear  differential  equations  with  constant  and 
variable  coefficients  are  integrated  by  ordinary  numerical  methods.  In  the 
computational  process,  it  is  necessary  to  select  mesh  points  of  the  computa¬ 
tion  net  such  that  the  coefficients  of  the  equation  lose  their  analytical  properties 
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Kulnlt'lacl/.r,  S.  S.  ,  A.  I*.  Murduknv,  V.  V. 

Kuv.ni'tBov,  V.  Y«*.  Nakoryakov,  B.  (]. 

Pokusaycv,  and  I.  R.  Shreyber.  Structure 
of  a  weak  shock  wave  in  a  gas -liquid  medium 
DANSSSR,  v.  207,  no.  2,  1972,  313-315. 

Experimental  results  are  given  to  verify  theoretical  findings  on 
shock  waves  propagating  in  a  gas -liquid  medium. 


A  piezoelectric  presLure  sensor  measured  the  shockwave 
structure.  The  s-nsor  had  a  flat  response  from  20  to  50  kHz  and  a  6.3  v/bar 
sensivity.  The  experimental  installation  consisted  of  a  vertical  transparent 
p.cx.gla..  tube  with  an  ID  =  6  cm  and  .eng.h  a  ,00  cm.  The  gas -liquid  mixture 
wa.  obtained  by  injecting  nitrogen  into  the  liouid  through  a  porous  plate 

the  lower  pa.l  of  the  tube.  Dy  applying  plates  of  varying  porosity,  bubbles 

wit  diameters  of  0.02,  0.  3,  and  0.6  cm  were  produced.  Volumetric  gas 
content  varied  from  0.01  to  0.15. 

The  perturbation  pulse  was  generated  by  rupturing  the 
diaphragm,  which  wa.  composed  of  one  or  more  cellophane  sheets,  at  a 
rupturing  rate  of  ~2xl0'5  sec  The  piezoelectric  pressure  sensors  were 
arranged  along  the  shock  tube  length  inside  the  wall.  Sensor  signals  were  fed 
into  a  cathode-ray  oscillograph  for  photographing.  The  "noise"  levels  of 
surfacing  bubbles  were  measured  and  the  effect  of  elastic  waves  developing 
a,  the  shock  tube  wall  during  the  diaphragm  rupture  was  evaluated. 
Oscillograms  of  pressure  oscillations  in  a  shock  wave  front  propagating  in 
water -nitrogen  and  water -glycerine  mixture,  are  presented  in  Figs.  1  and  2 
w  ere  t_.  is  the  time  of  rupture.  aQ  is  the  volumetric  g.s  content.  R  is  the 

bubble  equilibrium  radius  .  p  is  the  liquid  cinematic  viscosity,  and  M  is  the 
Mach  number. 
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Fig.  1.  Shockwave  profile  for 
a  water-nitrogen  mixture,  R  = 

0. 15  cm,  a0  =  0.  06,  v  =  10"^  cm^/ 
sec,  tr  =  3  msec,  M  =  1.08. 


atm 


Fig.  2.  Shockwave  profile  for 
40%  water-glycerine  mixture.  R  - 
0.15,  aD  =  0.06,  v  =  4’i0“^  cm2/sec, 
tr  =  3  msec,  M  =  l.  06. 


The  experimental  results  agree  qualitatively  with  the  theoretical  data. 


Naugol'nykh,  K.  A.  Conversion  of  shock 
waves  into  acoustic  waves.  Akusticheskiy 
zhurnal.  no.  4,  1972,  579-583. 


The  conversion  of  a  weak  shock  wave  into  an  acoustic  wave 
it:  analyzed.  Expressions  for  the  discontinuity  length  and  width,  and  the  impulse 
length  of  a  spherical  shock  wave  are  presented.  Conditions  under  which 
these  expressions  are  invalid  and  the  shock  wave  converts  into  an  acoustic 
wave  are  examined.  By  equating  the  shock  wave  width  with  that  of  the  impulse, 
the  expression  for  the  distance  r^  at  which  the  shock  wave  width  is  equal  to 
the  impulse  length  is  derived  as; 


r,/r,  — 


ai>0p/, 

b 


Re 


(D 


where  a=  n  +  1/2,  n  is  the  isentropic  exponent,  v  is  a  discontinuity  value, 

P  is  the  density  of  the  medium,  c  is  the  sourd  velocity,  b  -  —  <X-i  and  Re  is 
tne  Reynolds  number.  The  conditions  of  Eq.  (1)  are  sufficient  but’not 
necessary,  since  in  certain  cases  they  are  inapplicable  for  distances  smaller 
than  r^,  owing  to  the  slowness  of  dissipative  processes.  For  the  latter  case, 
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the  impulse  with  discontinuity  value  v  and  the  characteristic  acoustic  length 
l  are  calculated. 


An  example  of  shock  wave  propagation  from  the  explosion 
of  trotyl  in  waler  is  analysed.  Using  the  derived  formulas,  the  distances 
at  which  shock  waves  convert  into  acoustic  waves  are  calculated.  Results 
show  that  transition  of  a  weak  shock  wave  into  an  acoustic  one  occurs 
gradually  and  asymptotically.  The  formulas  indicate  only  the  distances  at 
which  the  nonlinear  and  dissipative  effects  are  comparable. 


Kmonicek,  V.  ,  F.  Slepicka,  O.  Sifner,  and 
V.  Hoffer.  Universal  method  for  calculating 
the  state  of  a  real  gas  behind  primary  and 
£.?.flected  shockwaves.  Acta  techmca  CSAV, 
no.  5,  1972,  542-567. 


A  universal  method  was  devised  for  computing  the  equilibrium 
slates  of  any  real  gas,  at  temperatures  in  the  1000-6000°  K  range,  behind 
primary  and  reflected  shock  waves.  The  method  is  intended  for  preparation 
of  tables  and  accurate  and  rapid  evaluation  of  individual  shock  tube  experiments 
The  method  is  iniversal  in  the  sense  that  it  is  applicable  to  diverse  gases 
and  gas  mixtures  within  a  broad  range  of  stale  parameters,  while  taking  into 
account  chemical  reactions  behind  the  shockwave.  The  computation  requires 
solving  equations  of  mass,  momentum,  and  energy  conservation,  together 
with  a  thermodynamic  expression  of  pressure  p.  The  equations  can  only 
be  solved  by  iteration,  which  is  done  in  successive  steps,  first  for  the  state 
behind  the  primary  wave  (denoted  by  subscrip:  2),  then  for  the  state  behind 
the  reflected  wave  (subscript  5).  Each  iteration  step  is  of  a  successive 
refinement  of  a  preset  value  of  the  density  ratios  (,/  g  2  and  1 2I  e  5  using 
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the  starting  set  of  equations.  Fluctuations  of  the  coi  >uted  data  are  within 
the  error  of  the  computational  procedure  in  the  (293,  It  ±  5)°  K  range  of 
initial  temperatures  Tj.  Convergence  cf  the  iteration  procedure  is  fast, 
since  usually  only  three  steps  of  the  outer  iterative  cycle  are  required 
when  the  initial  tolerance  in  the  inner  cycle  is  0.05  and  that  of  the  outer 
cycle  is  0.0005  in  the  500-8000°  K  range. 


I  he  computed  equilibrium 


“  ^ - -  ~  i/aioiiicicio  arc  IdDUiatea 

for  C02,  CO,  H20,  and  H 2  at  Tj  =  293. 15°  K,  p^  =  1-100  torr,  and  Mj  =  3.5- 
15.  The  relative  deviations  Ay  from 
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are  small  in  the  computed  states,  e.g.  in  CC>2,  behind  the  primary  wave. 

A  considerable  (up  to  20%)  Ay,  particularly  at  P5/p2  and  p2/  p5>  appears  for 
states  behind  the  reflected  wave.  Maximum  computation  errors  T2>  p2,  h 
p2’  T5’  p5’  h5’  P5  are  estimated  to  be  15°  X,  0.3%,  0.1%,  3%,  35°  K,  1.5%, 

0.1%  and  2%,  respectively.  Computation  of  one  point  for  a  gas  and  a  combination 
of  Pj,  Tj,  and  takes  about  as  many  seconds  as  there  are  components  in  the 
gas.  The  computing  times  and  error  rates  are  well  within  acceptable  limits. 


Gel'fand,  B.  Ye.,  S.  A.  Gubin,  S.  M. 
Kogarko,  and  S.  P.  Komar.  Shock  wave 
destruction  of  cryogenic  liquid  drops .  DA N 
SSSR,  v.  206,  no.  6,  1972,  1313-1316. 


Atomizing  of  cryogenic  liquid  propellants  was  studied  at 
higher  than  critical  temperatures  and  pressures.  The  effect  on  cryogenic 
liquid  drops  of  the  gas  flow  behind  a  shock  wave  is  considered  with  reference 


*  whcre  z  is  the  compressibility  factor  and  h  is  the  enthalpy 
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to  modelling  of  drop  injection  in  a  combustion  chamber.  Tests  were  made 
in  the  rectangular  cross  section  shock  tube  diagrammed  in  Fig.  1. 


t 

o _ o 


Fig.  1.  Test  apparatus .  1  -  low  pressure 

chamber,  2  -  high  pressure  chamber,  3  - 
viewing  windows,  4  -  pressure  sensors, 

5  -  liquid  nitrogen  drop  generator,  6  -  flare 
lamp,  7  -  targets,  8  -  fixed  film,  9,  11  -  delay 
circuit,  10  -  oscillator  trigger. 

Parameters  were:  internal  boiling  point  temperature  of  liquid 

n  3  -4 

nitrogen  drop  generator,  77  K;  liquid  density,  0.82  kg/m  ;  viscosity,  2‘10 

kg/(mxsec);  surface  tension,  15x10  n/m;  low  pressure  chamber  temperature 

and  pressure,  293°  K  and  1  atm;  and  liquid  nitrogen  critical  temperature, 
t  .  ^  f  . 

'I'"'  1 26°  K ,  representing  a  relative  supercritical  temperature  T /T  in  the 

medium  of  2.  23.  Liquid  drop  breakup  was  studied  for  dQ  =  40  to  500  p  nitrogen 
drops  in  shock  waves  with  rectangular  and  triangular  pressure  profiles. 

Shock  wave  Ma^h  numbers  varied  between  M  =  1.  06  to  1.  2  and  the  duration 
of  triangular  wave  positive  pressure  phases  was  6t  =  800  to  950  psec. 
Rectangular  pressure  profile  waves  had  a  flow  duration  with  constant  para¬ 
meters  of  t>2.  5  psec.  Pressure  sensors  measured  wave  parameters  at  an  error 
rate  of  20  to  25%.  Microphotograph  measurements  of  drop  size  and  the  time 
calculations  were  accurate  within  10%. 

Tests  results  show  that  breakup  factors  are  a  negligible  function 
of  the  ambient  temperature.  Earlier  findings  on  the  characteristics  of  liquid 
breakup  at  T/T*«  0.  5  to  0. 7  are  also  valid  at  T/T'  «  2.  Increased  ambient 
temperatures  affected  only  the  vaporization  of  an  atomized  liquid. 
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i.  basically  a  f^t ^T'  temperatUreS  T/T<">1'  «*»«  vaporization 

number We*  ^  *  critical  Weber 

.  u  .  the  vaporization  rate  of  the  developing  particles  ere  M 

exceeded  the  destruction  rate  of  the  source  drops  Drop  "  ' 

W-We*  only  slightly  affects  the  initial  mass.  ^  “ 

~6  r  ambiem  p™  did  n°*  -•  •* 

liquid  boiling  at  p"  >p. ' '  "  Var‘at10"  ”  'h<!  de“rUCtlon  tim'  abrupt 


fuel  drops  a.  an  h  C°"  deS‘r“Ctio"  and  vaporizatio 

arops  at  an  ambient  supercritical  t»mn„ 

P  critical  temperature  occurs  in  a  * 

analogous  to  that  under  atmospheric  conditions. 


❖ 


Gogosov,  V.  V.  ,  and  V.  A.  Polyanskiy. 
Structure  of  electrohyri rodynamir  ghnrir 
— avcs:  pMM,  no.  5,  1972,  851-865. 


- ;ui  uuyiidinic  snock  waves 

tor  small  Prandtl  numbers  (P«l,  when  th  ,  etures  are  analyzed 

be  considered  constant  d  temperature  of  the  medium  can 

acred  constant,  and  large  Prandtl  numbers  (p»l,  whe_  hea| 

conduction  processes  can  be  neglected 


/o  O 


V  «  *•  wave  front  is  n"  Tf“  7^  ^ 

sign  of  the  velocitv  mm  *  1  d  c0mcides  with  the 

E*>0,  theThT  1  normal  to  the  shock  wave  front  (i.  e  u* 

1  ’■  !hOCk  wave  "tabitains  a  structure  and  an  electric  field  1 

normal  to  the  front,  when  u/e  *<„  and  th  a  *  component 

I  ,  and  the  current  densitv  i  >n  tu  u 

wave  structure  does  not  exist  for  all  7  J  °’  h  Sh°ck 

i  ■  1  f  11  Parameters  at  wave  front  Th« 

analysis  reveals  that  in  this  case  the  electric  field  ,  K  .  .  '  CtUra 

value  behind  the  wave  front 
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is  either  equal  to  that  at  the  wave  frort  (En"'=EJ  or  is  connected  with  velocity 
u  bv  the  relation  u  "  +  bETT'  =  0,  where  b  is  the  coefficient  of  motion. 

II  II  II 

Parameters  for  the  first  and  second  cases  of  shock  wave  fronts  are  determined. 
A  non-structured  class  of  evolution  waves  is  indicated.  Results  of  analysis 
of  structures  and  the  evolution  of  waves  show  that  the  shock  waves  in  electro¬ 
hydrodynamics  are  always  compression  waves. 


When  the  velocity  and  the  electric  field  behind  the  shock  wave 
are  correlated  by  the  relation  un  +  bEn  =  0,  the  system  of  shock  wave  front 
equations  can  be  reduced  to  a  cubic  equation  in  u^j.  When  the  least  of  three 
possible  real  roots  of  this  equation  is  larger  than  the  sound  velocity  behind 
the  wave,  the  chock  wave  is  unstructured  and  nonevolutionary.  When  the 
least  real  root  is  smaller  than  sound  velocity,  a  range  of  parameters  at  the 
shockwave  front  is  revealed,  corresponding  to  a  structured  shockwave. 

The  two  other  real  roots  of  the  cubic  equation  correspond  to  nonevolutionary, 
unstructured  shock  waves.  When  the  cubic  equation  has  only  one  real  root,  the 
shock  wave  is  structured  if  the  value  of  the  root  is  less  than  the  sound  velocity 
behind  the  shock  wave  front,  but  is  unstructured  in  the  opposite  case. 


5*C  5jC  .  .  .  ^  g  -  , 

When  Uj  Ej  <0,  current  density  is  j  <0,  and  Uj  +  bEj  f  0,  the 
shock  wave  structural  analysis  indicates  that  the  electric  field  at  the  wave  front 
is  continuous.  The  field  at  the  shock  wave  front  may  have  discontinuities  when 
u  +  uE  =  0.  To  determine  the  flow  parameters  behind  the  wave  front, 

I  O'  I  f  L  •  L 

E  T  (or  any  other  front  parameter)  must  be  defined.  Bounds  within  which 

.  •  ”  "  -  +  bETT  f  0  in  such  shock  waves,  the 

II  *  * 

is  smaller  than  the  velocity  of  sound.  If  uJT  +  bETT  =  0, 


Ejj  can  be  defined  are  indicated.  If  u^ 


Uj  is  larger  and  u 


4  H  1D  . .  . . .  — -  "  “II  ’  ■'“II 

the  velocity  of  the  medium  at  the  front  and  behind  the  shock  wave  front  is 


supersonic. 
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Semenova,  I.  P.  and  A.  Ye.  Yakubenko. 
One  -dimensional  electrohydrodynamic 
flow  with  shock  waves.  PMM,  v.  36,  no. 
5,  1972,  866-873. 


One -dimensional  stationary  electrohydrodynamic  flow  in  a 
channel  with  shock  waves  is  analyzed.  It  is  assumed  that  the  shock  wave 
location  and  all  parameters  already  of  the  shock  wave  are  known.  Based 
on  these  parameters  and  shock  wave  relations  derived  using  integrals  of 
electrohydrodynamic  equations,  the  authors  calculate  dimensionless  parameters 
S,  Rq,  and  V^,  and  a  cubic  equation  in  V  is  formulated.  For  R^  *  <  y^, 
the  electric  field  behind  the  shock  wave  is  continuous.  When  R  *  >  V  ,  the 

n  O 

electric  field  displays  a  discontinuity  on  the  shock  wave.  V  is  determined 

from  the  cubic  equation,  with  roots  from  the  interval  V_  <V<Rri  *.  When 

-1  / —  g  q 

Rq  <  vy  the  cubic  equation  has  only  one  solution,  which  corresponds 

to  the  transition  from  a  supersonic  to  a  subsonic  regime.  It  is  possible  for 

R  >  V\T  to  formulate  a  criterion  for  the  existence  of  a  root  in  the  subsonic 

9  g 

regime.  This  criterion  is  expressed  as: 


a  rt(V?J  +  sV Tt 

ni  - 


When  the  interaction  parameter  S  is  small,  this  inequality  is  always  satisfied. 
If  condition  (1)  is  not  satisfied,  all  three  roots  of  the  cubic  equation  are  located 
in  a  supersonic  domain;  and,  at  such  S,R^  and  M^,  a  stationary  flow  with 
shockwaves  evidently  does  not  occur.  In  the  plane  (E,v),  an  electrical  field 
versus  velocity  diagram  is  constructed  which  aids  in  flow  analysis  based  on 
electrical  field  and  velocity  values  at  the  shock  wave  front.  An  electrohydro¬ 
dynamic  shock  adiabat  is  also  constructed  for  the  perfect  gas. 
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Chushkin,  P,  I.  Method  of  characteristics 
for  three-dimensional  supersonic  flow,  AN 
SSSR,  Vychislitcl'nyy  tsentr,  Moskva,  1968, 

122  p  (RZhMekh,  11/72,  no.  11B340  K) 

(T  ranslation) 

A  numerical  method  of  characteristics  is  presented  to  solve 
problems  of  supersonic  stationary  three-dimensional  flow  around  a  body. 

Other  numerical  methods  of  calculation  are  discussed  briefly,  and  develop¬ 
ment  of  the  three-dimensional  method  of  characteristics  is  reviewed. 

Basic  equations  of  characteristics  are  derived  in  three  independent  variables. 
The  mam  part  of  the  study  is  devoted  to  four  numerical  programs  of  the 
three-dimensional  method  of  characteristics  which  are  efficiently  used  to 
calculate  three-dimensional  supersonic  gas  flow.  The  programs  are:  forward 
tetrahedral,  backward  tetrahedral  with  interpolation  throughout  and  those 
using  bicharacteristic  directions  only  or  two-dimensional  characteristic 
correlations.  The  programs  arc  initially  formulated  for  a  perfect  gas  .  then 
extended  to  a  real  gas  with  allowance  for  equilibrium  and  nonequilibrium 
physicochemical  conversions.  Numerical  data  are  given  for  three-dimensional 
supersonic  flows,  including  nonequilibrium  flow. 


Gorskiy,  V.  B.  Eddy-free  relativistic  gas 
ftoy .  DAN  SSSR,  v.  207,  no.  2,  1972,  309- 
312. 

The  iscntropic  vortex-free,  steady-state  flow  was  analyzed 
ol  an  ideal  gas  based  on  relativistic  theory.  Since  theBernoulli  integral  for 
the  entire  gas  volume  is  satisfied,  the  two  conditions  for  vortex-free  flow 
are  formulated.  Adding  the  isentropicit y  condition  to  these  equations  and 
representing  the  continuity  cquatiur  for  the  steady-state  flow  in  velocity 
components,  a  closed  system  of  four  equations  is  derived  describing  the  flow 
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“ ,°rd:nary  EUC'ldCan  SpaCe-  A~8  «■»«  the  sound  velocity  and 
thalpy  have  a  apecific  form,  exact  equations  of  motion  in  velocity 

component,  and  equation,  for  the  potential  and  stream  function,  are 
y  erivpd  for  plane  and  axi.ymmetric  flow.  The  flow  equation, 
are  Simplified  u.i„8  the  theory  of  small  perturbations  in  the  nic 

rr. ind  8,miIari,y  'aWS  f°r  'h-*-io„a.  now  are  eahH.hed 
A.  calculated  result,  within  the  nonrelativi.tic  limit  ,c-co  c  lilht 

eq'  lulnsT  PreCT'y  C°'"'",ible  “t0  corre,P°nding  formula,  and 
equations  of  normal  gas  dynamics. 


Koshelev,  E.  A.  Ene_rgy  dissipation  from 
an  underground  explosion  ZhPMTF,  no. 
5.  1972,  184-187. 


- — -  -r  ‘z™  zr  r  :c:rr  ■ : 
^:xrzzr::z:".zp,*',ic  now  behind  - 

the  cavitv  bound  8  h<!  detonation  products  when  the  motion 

cavity  boundary  stops.  Thc  „  based  on  the  „„ 

Kompaneyets  (DAN  SSSR,  109  1  iqcm  ,  8  d  1  of 

the  equation  of  the  7  '  Accordin8  to  the  model 

equation  of  the  ground  state  for  a  spherical  symmetry  is  formulated  a 


'  *  dr  1  ^  - 7~'S 7 


(rHJ)  s»  0 


with  the  plasticity  condition 


®r  * 


M  m(ari  2a,) 


(2) 
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and  the  cavity  boundary  and  shock  w\vc  front  conditions 

°r  (H)- -«/{*- P.  (3) 

where  R-  the  shock  wave  front  radius,  a-  the  cavity  radius;  <r_,  -  components 

of  the  stress  tensor,  -  a  coordinate,  u-  mass  velocity  of  particles,  P(a) 
cavity  pressure,  -  the  pressure  of  irreversible  compression,  k  and  m- 
plasticity  parameters.  From  Eq.  (1),  conditions  (2,  3)  and  the  relation 
between  R  and  a  based  on  the  mass  conservation  law,  a  second  order 
differential  equation  for  the  shock  wave  front  radius  R  is  derived  which  is 
reduced  to  a  dimensionless  form  in  y  ans  x  variables.  This  equation  was 
solved  by  computer  for  the  values:  =  7.97xl04  kg/cm2;  =  6  kg/cm2 

and  k  =  1.41  kg/cm.  Integral  curves  arc  represented  graphically  for  four 
sets  of  £  (£  =  1-  p”  \PQ  -  initial  density)  and  m  values.  Expressions  for 
the  compression,  energy  c,  and  plastic  flow  energy  1^  arc  formulated  and 
graphically  represented  for  £  =  0.05  and  m  =  0.233.  Formulas  for  total 
compression  energy,  Ej,  plastic  flow  energy  E 2  arc  derived.  Quantitative 
relations  between  Ej,  E£  and  residual  energy  E^  given  in  percentages  for 
various  ground  characteristics  arc  tabulated 

Results  indicate  that  the  largest  part  of  explosion  energy 
is  in  the  plastic  flow  behind  the  shock  wave.  The  initial  temperature  field 
in  the  ground  after  an  explosion  has  a  delta  shaped  character,  with  maximum 
temperatures  on  the  cavity  boundary  and  very  rapid  decay  with  distance. 
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Zhubaycv,  N.,  and  K.  Zhunuaov.  Study 
°L 1 he  effectiveness  of  an  air-cuahion 
cha rgc .  IN:  Sbornik.  Problemy  voproaov 
mckhaniki  gornykh  porod,  Alma-Ata, 

Izd-vo  Nauka,  1972,  166-182  (RZhMekh, 

11/72,  no.  UB265) 

A  theoretical  analyaia  ie  given  of  the  cffcctiveneaa  of  a  bore¬ 
hole  air  cuahion  charge,  placed  at  a  diatancc  above  the  borehole  bottom. 
Charge  detonation  producta  parameter  (pulaation,  prcaaurc,  and  the 
duration  of  the  detonation  producta  effect  on  the  borehole  walla)  and  the 
tamping  material  motion  rate  arc  compared  with  thoac  of  a  atandard  core 
charge.  Auaumptiona  arc  that  the  cxploaive  charge  converta  inatantly  to 
a  high -prcaaurc  gaa;  wave  cffccta  on  the  detonation  producta  arc  negligible; 
the  velocity  of  the  detonation  producta  rock  interface  ia  low  relative  to  the 
axial  diaperaion  rate  of  detonation  producta  in  the  borehole;  and  the  detonation 
producta  propagation  along  the  boundary  ia  conaequcntly  one-dimenaional . 

The  tamping  material  ia  conaidercd  to  be  nondcformablc  and  rigid.  The 
tamping  material  propagation  rate  ia  determined  by  applying  Newton's 
law  to  the  entire  material  maaa.  It  ia  aaaumcd  that  the  detonation  producta 
of  an  air-cuahion  charge  expand  inatantly  in  the  air-cuahion  to  a  preaaure 
equal  to  that  given  by  a  polytropic  relation.  For  a  conventional  core  charge, 
detonation  producta  expand  according  to  a  polytropic  equation  with  exponent 
n  =  1.  25.  The  theoretical  plota  ahow  that  application  of  an  air-cuahion 
contributea  to  a  aubatantial  deceleration  of  the  tamping  material, an  increaae 
in  the  duration  of  the  detonation  producta  effect  on  the  borehole  walla,  and 
a  decrease  of  the  initial  peak  prcajure  of  detonation  producta. 
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Kandyba,  M.  I.  ,  O.  B.  Bakhtin,  and  E. 

V.  Chudutov.  Effect  of  total  explosion 
delay  Kap  on  redaction  in  seismic 
oscillation  velocity.  IN:  Sbornik. 

Akustika  v  stroitel'stve,  Kiyev,  Izd-vo 
Budivelnik,  1972,  63 -67  (RZhMekh, 

11/72,  no.  11  V119)(T ranslation) 

Surveying  data  are  examined  on  the  seismic  effect  of 
short  delay  borehole  charge  explosions  on  buildings  and  installations 
located  on  irrigated  ground  with  a  complex  geology.  It  was  established 
that  prolongation  of  the  blast  effect  decreases  the  vibration  velocity  of  the 
buildings  and  installations.  Formulas  are  given  for  calculating  earthquake- 
proof  ranges  and  the  weight  of  explosive  charges. 


Kandyba,  M.  I.,  and  A.  S.  Zhmudenko. 

Effect  of  the  number  of  short  delay 
explosion  stages  on  seismic  wave  generation. 

IN:  Sbornik.  Akustika  v  stroitel'stve,  Kiyev, 

Izd-vo  Budivel'nik,  1972,  57-62  (RZhMekh, 

11/1972,  no.  UV791)(Translation) 

A  study  is  presented  of  the  seismic  wave  interference  and 
damping  from  the  explosion  of  charges  in  rocks,  based  on  the  selection  of 
the  number  of  delaying  stages  between  groups  of  simultaneously  exploding 
charges.  The  results  are  applicable  to  protection  techniques  for  objects 
located  within  ihc  seismically  dangerous  zone  of  a  blasting  operation. 


Lebedev,  T.  S.  ,  D.  V.  Korniyets,  V.  I. 

Shapoval,  and  V.  A.  Korchin.  Uprugiye 
svoystva  goinykh  porod  pri  vysokikh 
davleniyakh  (High-pressure  eleastic  properties^ 
of  rocks).  Kiyev,  Izd-vo  Naukova  dumka, 

1972,  184  p.  (RZhMekh,  11/72,  no.  11V802  K). 

(Translation) 

This  monograph  is  divided  into  two  parts.Part  Iis  a  study  of  elast 
properties  o(  rocks  under  high  hydrostatic  pressures;  and  Part  II.  a  study 
of  elastic  constants  of  rocks  under  high  quasiuniform  pressurer  and  tempera- 

tures . 


Drukovanyy,  M.  F.,  V.  G.  Kozlov,  and 
I.  A.  Semenyuk.  Experimental  investigation 
of  fracturing  in  stressed  media.  IN:  Sbornik. 
Termomekhanicheskiye  metody  razrusheniya  gornykh 
porod,  Kiyev,  Izd-vo  Naukova  dumka,  part  b, 

1972,  11-14  (RZhMekh,  11/72,  no.  UV607). 

(Translation) 

An  experimental  study  of  crack  formation  was  made  in  rock 
(salt,  marble)  and  transparent  material  (nlexiglas,  glass)  specimens, 
uniaxially  compressed  by  exploding  charges  of  different  sizes.  Qualitative 
crack  disposition  patterns  are  identified  for  various  compressive  load 

values . 


G 

fi 

0 

0 

0 

0 

0 

0 

0 

D 

0 

0 


Komir,  V.  M.  ,  L.  M.  Geyman,  V.  S. 
Kravtsov,  and  N.  I.  Myachina. 
Modelirovaniye  raz rushayushchego 
deystvi/a  vzryva  v  gornykh  porodakh 
{Modelling  of  destruction  in  rocks  from 
blasting).  Moskva,  Izd-vo  Nauka,  1972, 
21b  p.  (RZhMekh,  11/72,  no.  11V803  K). 
(Trar  slation). 


- - -  UJm^sionai  analysis  and  similarity 

theory  examined.  Methods  of  rock  blasting  simulation  are  initially 

generalized  for  application  in  the  study  of  the  exnlo«'  .  * 

simil-.rU,  -a  Y  the  exPl°sion  mechanism.  New 

”  '  WitH  allOWa”Ce  f"  ,he  of  decreased  strong, 

ones,  are  ,nt,  oduced  in  the  destruction  simulation  process. 


Korsakov,  p.  F.  Effect  of  rock  nni.nr,^. 
onjelay  fiap  during  short-delay  explosive  ch„r 
~  Fiziko-tekhnicheskiye  problemy 

razrabotki  poleznykh  iskopayemykh,  no.  2,  1972, 
49-56  (RZhMekh,  11/72,  no.  llV784)(Translation). 


short  d  1  hi  15  intr°duced  for  calculation  of  a  delay  gap  during 

short-delay  blasting,  allowing  for  anisotropic  rock  characteristics  Ani- 

so  ropy  rs  defined  as  the  ratio  of  longitudinal  Wave  propagation  veiocity 

n,  the  direction  of  the  leas,  resistance  to  the  veiocity  in  a  normal  direction 

I0  ™'”1  "*  dCriVed  f°r  delay  gap  of  iimestone,  dolomite 

and  gran.te.  Experimental  data  support  the  admissibility  of  the  derived' 
formulas  in  delay  gap  calculations. 
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Zapol'skiy,  A.  K.  ,  V.  B.  Rozanov,  and 
I.  V.  Kholin.  Initial  stage  of  discharge 
development  from  an  electric  e:  nips  ion  of  a 
wire  in  vacuum.  KSpF,  no.  5,  1972,  3-8. 

'  hr  initial  stage  of  discharge  development  from  an  electric 

exploM  <  n  .1  a  wire  was  investigated  in  vacuum  in  a  200  mm  diameter  steel 

-4 

t  pressures  to  (2  ~3)xl0  torr  (Fig.  1).  A  0.38  mm  copper  wire 


Fig.  1.  Exploding  wire  experiment. 

Dimensions  in  mm. 

was  stretched  betw-en  two  stainless  steel  electrodes,  and  a  120  pf  capacitanci 
condenser  battery,  charged  to  25  kv,  was  used  as  a  power  source.  A 
Rogovski  belt  measured  the  discharge  current  through  the  wire,  and  a  high 
speed  camera  photographed  the  discharge  at  5xl05  frames/sec.  Tests  were 
conducted  first  at  a  discharge  chamber  and  busbar  inductance  of  L  =  320  nh 
and  battery  voltages  U  from  7  to  25  kv  (which  corresponded  to  an  energy 
storage  of  2.  9  ~37.  5  kj);  and  then  with  L  increased  to  600  nh.  In  the  first 


case,  the  discharge  development  pattern  did  not  vary  significantly.  The 
wire  was  preheated  by  current  and  breakdown  subsequently  occurred  in 
the  vapors  forming  near  the  surface.  After  about  24  flsec,  the  discharge 
column  disintegrated  and  current  started  flowing  in  the  chamber  space, 
during  which  the  copper  wire  maintained  its  initial  form  and  location.  In 
the  second  case,  at  battery  voltages  U  >  23  kv,  the  wire  evaporated 
simultaneously  over  the  entire  volume,  but  only  the  external  part  of  the 
gaseous  clouds  glowed,  through  which  most  of  the  current  passed.  The 
glow  region  width  varied  negligibly  with  time.  The  internal  diameter  of  the 
cold  region  increased  at  the  rate  of  1.4  km/sec.  Fig.  2  illustrates  discharge 


•  vj  r  V.V. .  '/.I 


Fig.  2(i) .  Discharge  development 
at  L  =  320  nh.  a)  after  2  psec; 
b)  after  16  nsec. 
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Fig.  2(ii).  Discharge  development 
at  L  r  600  nh.  a)  after  2  jasec;  b)  after 
!4  psec. 


development.  At  3  20  and  600  nh,  and  22  and  24  kv,  respectively,  the 
sublimation  time  was  identical,  amounting  to -4  (rsec;  but  discharge 
characteristics  differed  substantially.  The  authors  conclude  that  phase 
transition  in  the  wire  material  does  not  necessarily  occur  simultaneously 

over  the  whole  wire  length,  and  that  the  transient  dynamics  are  a  complex 
function  of  circuit  parameters. 
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Vorob'yev,  V.  S.  ,  and  A.  L.  Khomkin. 

Characteristics  of  Debye  shielding  and 
the  equation  of  state  for  a  partially- 
ionizrd  plasma.  TVT,  no.  5,  1972, 

939-949. 

A  modified  hamiltonian,  derived  from  an  ordinary  coulomb 
electron-ion  hamiltonian  with  the  aid  of  canonical  transformation,  is  ised 
to  describe  a  partially  ionized  plasma.  After  canonical  transformation, 
the  hamiltonian  has  the  form 


11  Z(e’-*Mv)«,+«v+£  (tf,  Sin7a+ TaCOS* 

_  v-l  f.  (1) 

-  7'a)  <l'a  ( v<o)  (uy+uu+Qa  + 

avtt 

f  f  £[(vs,IPIs,V)-V»lnV.(«.-r.)X 

vw^V  a 

X»ra(vci)«f,s(v/(.»')  j  Ctv+(f„+U,,  a»' +  //', 

where  £„  is  the  eigenvalue  of  the  Schroedinger  energy  equation  for  fermion, 
v  and  w,  interacting  with  the  potential  V.  The  electron-ion  potential  after 
canonical  transformation  is  shown  in  Fig.  1. 


Fig.  1.  Form  of  electron-ion  potential  after 
canonical  transformation  r'  =  e2/  p2  +  |  E'  | 

The  dashed  line  is  the  Coulomb  potential  «2/r. 
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The  correction  for  electron  and  ion  energy  is  calculated  by  taking  into 
account  the  non-Coulomb  part  of  the  interaction  W  in  the  Hartree-Fock 
approximation.  The  Debye  correction  of  thermodynamic  potential  (ft), 
corresponding  to  the  hamiltonian  H,  is  found  from  the  ring  approximation 


PAQb  2Vnc-pv. 


(n.  -I  «,)*/.. 


Numerical  solution  of  the  equation  of  state  for  S2  has  the  final  form 
_PQ  _  c>''<  o^nr'pv,  ,  e*,  e,,„e+w> 

v  ~  ~  — r~l“AT  +  ~' 

where  £(?3)  is  the  correcting  function  for  the  Debye  term,  whose  graph 
is  shown  in  Fig.  2. 

ASr~ - _ , 


Fig.  2.  Dependence  of  <  ,  C,  £  on  7  3  . 

The  dashed  line  is  the  asymptotic  expression 
(38)  for  e  . 


As  follows  from  (3),  C,  reduces  the  Debye  term  at  high  densities.  This 
decrease  is  physically  related  to  the  fact  that  the  electrons  whose  kinetic 
energy  is  less  than  or  on  the  order  of  the  average  energy  of  interaction 
are  probably  captured  by  the  ions  to  form  atoms.  In  fact,  these  electrons 

do  not  take  part  in  Debye  shielding,  but  their  fraction  increases  as  density 
increases. 
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Vetchinin,  S.  P.  ,  A.  G.  Khrapak,  and 
I.  T.  Yakubov.  Equation  of  state  for  a 
plasma  of  dense  metal  vapors  and  electron 
mobility.  TVT,  no.  5,  1972,  954-960. 

A  low-temperature,  weakly-ionized  plasma  of  dense  metal 
vapors  (e.g.  ,  Hg)  is  analyzed  with  allowance  for  electron  (ion) -neutral 
atom  interactions  and,  in  the  first  approximation,  paired  atom-atom 
interactions.  The  equations  of  state  and  ionization  equilibrium  are  derived. 
The  equation  of  state  of  the  nonideal  plasma  could  not  be  reduced  to  a  Van- 
der-Waal  equation,  because  the  pressure  difference  (p-pQ)  between  the 
nonideal  and  ideal  plasma  increases  exponentially  with  the  atom  concentration 
N.  An  electron  mobility  p.  formula  which  was  derived  without  allowance  for 
interatomic  reactions,  indicates  an  exponential  decrease  of  p  with  an 
increase  in  N.  The  theoretical  expressions  for  a  nonideal  plasma  are 
explained  in  terms  of  the  atomic  cluster  formation  around  an  electron.  A 
comparison  with  literature  experimental  data  on  a  plasma  of  pure  Hg  and 

Hg  with  small  Cs  additions  generally  confirmed  the  authors'  basic  theoretical 
premises . 


Sevast'yanov,  R.  M  and  N.  A.  Zykov. 

Equation  of  state  for  a  dense  gas.  TVT , 
no.  5,  1972,  979-987. 

The  authors  propose  a  semi -empirical  equation  of  state  with 
principal  terms  obtained  theoretically  and  in  the  same  form  as  the  Van  der 
Waal  equation.  A  statistical  mechanics  equation  of  state  of  a  dense  fluid 
composed  of  spherical,  nonpolar  molecules  is  used  as  an  initia1  equation. 
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By  splitting  and  evaluating  the  integral  in  the  right-side  of  the  initial 
equation  and  using  expansions  of  certain  functions  in  series,  a  new  equation 
of  state  for  dense  gas  is  derived.  The  equation  contains  the  "compressibility" 
term  Z(y)  for  a  dense  gas  composed  of  rigid  spheres.  An  approximate 
form  for  Z(y)  is  obtained  and  the  equation  of  state  is  revised  and  applied 
to  the  calculation  of  the  compressibility  of  argon  and  methane.  Calculation 
results  compared  with  experimental  data  in  the  literature  are  presented 
in  four  tables.  Verification  of  3  02  experimental  points,  including  a 
solidification  curve  for  argon,  indicates  that  the  mean  deviation 
calculated  from  experimental  results  was  0.47%  and  the  maximum  deviation 
was  2.  82%. 


Fortov,  V.  Ye.,  and  B.  N.  Lomakin. 
Interpolated  equation 
TVT,  no.  5,  1972,  1118-1119. 


An  interpolated  equation  of  state  for  tungsten  at  intermediate 
pressures  is  derived  using  the  method  of  the  author  Fortov  and  Krasnikov 
(ZhETF,  59,  1970,  1645)  and  in  the  form  of  the  polynomial 


h  HC'i 


where  E-internal  energy,  p  -  pressure,  V  -  specific  v.olume.  The  lKL 
coefficients  were  determined  from  experimental  data  in  the  literature  on 
shock  compression  of  the  continuous  and  porous  tungsten.  Tungsten  shock 
adiabats  for  p  >  100  mbar  were  calculated  according  to  Thomas-Fermi  theory 
at  the  finite  temperature T  ±  0.  Coefficients  of  the  equation  polynomial  (1) 
at  q  =  3  are  tabulated.  Shock  adiabats  for  various  initial  porosity  were 
formulated  from  the  numerical  solution  of  the  equation 


',,<>•  -r  *  1  )  >’)  1 


(2) 
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Hugoniot  adiabats  for  various  porosities  calculated  usi.  j  Eqs  (1)  and  (21 
are  plotted  in  Fig.  1.  J  4  '  '  d  (2) 


Denisova,  N.  D.  ,  and  O.  N.  Bystrova. 

Gas  phase  comgressjbility  of  zireomn™ 
ajidhafnium  tetrachlorides.  Moskva, 

1972,  7  P-  (RZhKh  19ABV,  2 0/72,  no 
20B586  DEP).  (Translation) 

P-V-T  relationships  were  obtained  for  ZrCl  and  Hfn 

::::LT;;h:r  :rty  *— •  —  - 

^  ire  oenavioa  of  gaseous  ZrCl,  and  Hfn  tu  •  •  , 

were  determined  from  compressibility  data  The'  ,  ...  COeaiti«‘« 

the  compounds  are  less  than  unity.  Deviation  f  V C°efflcientS  °f 

greater  for  ZrPl  f  atlon  from  the  Perfect  state  was 

ZrCl,  vapL  4  ~  °f  Str0,,8er  ta,e™' interactions  in  the 
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Geller,  V.  Z.,  A.  Ya.  Kreyzerova, 

I.  A.  Paramonov,  and  Ye.  G.  Porichanskiy. 

Equation  of  state  and  thermodynamic  properties 
of  liquid  F  -  113  .  IAN  B,  Seryya  fizika-enor- 
getychnykh  navuk,  no.  4,  1972,  65-68. 

The  equation  of  utate  of  liquid  freon  F-113, 

P  —  A  (T)  p  fl(T)p»+C(7)p*,  W 

where  p  is  the  density,  was  formulated  from  previously  obtained  P-V-T 
experimental  data  using  the  procedure  of  Vasserman  and  Kreyzerova  (ZhPMTF 
no.  2,  1972).  The  procedure  allows  the  use  of  experimental  data  for  an 
arbitrary  T  value.  Expressions  for  A(T),  B(T),  and  C(T)  are  given. 

Equation  (l)  is  valid  in  the  240-460°  K  temperature  and  0.  1-300  bar 
pressure  ranges  at  reduced  density  0/°cr  >  1*8.  The  rms  deviation  of  O 
calculated  from  (1)  was  0.05%  for  134  experimental  values,  and  within  the 
experimental  error  level.  The  calculated  D  values  are  in  good  agreement 
(within  0.1-0.  2%)  with  earlier  data,  and  deviated  by  0.3%  from  the  data  for 
a  liquid  under  pressure.  Density,  enthalpy,  and  entropy  of  liquid  freon  F-113 
in  the  240-460°  K  temperature  and  25-300  bar  pressure  ranges  were  calculated 
using  Eq.  (1).  The  tabulated  enthalpy  and  entropy  data  for  pressures  to 
35  bar  deviate  from  the  earlier  published  data  by  no  more  than  0.5  kj/kg 
and  0.002  kj/kg  x  °K,  respectively.  The  thermodynamic  data  at  pressures 
above  35  bar  is  published  for  the  first  time. 


Mukhitdinov,  Dzh.  Calculating  heat 
capacities  of  monatomic  gases.  IN: 

Uchenyye  zapiski  Tashkentskogo 
gosudarstvennogo  pedagogicheskogo 
instituta,  v.  90,  1971,  71-78  (RZhKh, 

22/72,  no.  22B571)(Translation) 

An  expression,  previously  derived  by  the  author  for  statistical 
sums  of  monatomic  gases  and  liquids,  is  used  to  calculate  equilibrium 
properties  of  argon  gas.  Internal  energy,  pressure,  Cv  and  Cp  heat 
capacities,  enthalpy,  and  ultrasound  velocity  are  calculated.  A  comparison 
of  theoretical  and  experimental  data  indicates  that  th».  theory  adequately 
describes  the  true  evolution  of  the  cited  physical  parameters.  The  numerical 
method  introduced,  despite  its  simplicity;  is  applicable  for  calculations  of 
the  equilibrium  properties  of  homogeneous  monatomic  gases. 


Shamko,  V.  V.  TNT  equivalence  of  a 
high-power  underwater  spark  discharge. 
EOM,  no.  5,  197?.,  16-19. 


A  theoretical  analysis  is  made  of  underwater  spark  discharges 
and  chemical  explosions  to  establish  which  power  source  is  more  advantageous 
for  technological  processes  such  as  stamping,  lamination,  and  rock  crushing. 
Allowance  was  made  for  wide  ranging  fluctuations  in  underwater  spark 
discharge  parameters,  since  only  a  limited  range  of  parameters  have 
been  analyzed  in  previous  studies.  The  shock  wave  pressure  amplitude  Pm 
was  selected  as  a  term  of  comparison.  The  energy  equivalence  factor 
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(where  L  is  the  inductance  and  C  in  the  capacitance  of  the  spark  discharge 
circuit,  and  1  is  the  discharge  channel  length)  was  introduced  as  the  power 
equalizing  factor.  The  unknown  correlation  between  the  spark  discharge  P 
and  the  initial  parameters  of  the  spark  generator  and  the  water  medium 
was  determined.  In  an  acoustic  approximation,  a  cylindrical  shock  wave 
Pm  at  distances  r  <  2.  5  1  from  the  dischr  'ge  cnannel  was  given  by 


pm  =  P7 


where  a(t  )  is  the  channel  radius  at  the  time  t  of  peak  power  and  P  1 
m  m  a 


is  the  channel  maximum  pressure  at  or  near  t  .  The  discharge  channel 

m 


is  assumed  to  be  a  plasma  cylinder  with  a  uniform  1  and  cross-section. 


Correlations  between  and  the  discharge  and  medium 


parameters  were  derived  from  the  equation  of  energy  balance  in  the  channel 
and  data  in  the  literature  on  channel  expansion.  The  correlations 
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(where  A  =  0.25x10  V  .  sec/m  is  the  spark  constant,  O  is  the  initial 
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water  density,  and  Vq  is  the  initial  voltage)  were  obtained  for  the  cylindrical 

(a(  <  r  -  2* **  5  intcrmed»ate  (2.  5  l  <  r  <7*),  and  spherical  (r  >  7t) 

symmetric  regions,  respectively.  A  comparison  of  P  data  calculated 

m 

from  eqs .  (3) -(5)  with  experimental  Pm  data  obtained  by  the  author  or 
taken  from  the  literature  (Table  1)  indicates  that  the  calculated  P  data 
are  reasonably  accurate. 

Table  1.  Comparison  of  experimental  pressure  amplitude  data  and  that 

calculated  from  eqs  (3)-(5). 


The  experimental  Pm  measurements  were  made  in  the  middle  of  a  plane 
perpendicular  to  the  discharge  channel  axis.  Eqs.(3)-(5)  may  be  applied 
in  the  design  of  hydroelectric  power  plants 


*  Data  of  I.  Z.  Okun1  (ZhTF,  v.  41  no.  2,  197i.  292-301), 

**  Data  of  L.  Bjorno  (Amer.  Soc .  Mech.  Eng.,  1969,  111). 
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Using  Eq.  (5),  the  Pm  of  a  spherical  shock  wave  generated 
by  an  underwater  spark  discharge  was  compared  to  the  P  of  a  TNT 
explosion.  The  latter  was  expressed  by  the  Cole  formula^  a  function 
of  the  energy  ET  of  the  TNT  charge.  The  spark  discharge  P  was 
expressed  by  a  similar  formula  as  a  function  of  discharge  en™gy  E  =  CU  2/2 
multiplied  by  the  equivalence  factor  (1).  It  follows  from  this  factor  lhat  ° 
variable  UQ  discharges  or  those  with  4  equal  to  that  of  the  TNT  explosion 
are  the  only  ones  which  are  similar  in  energy  to  TNT  explosions.  A  set 
of  differing  explosives  with  the  equivalent  weight  Gp  =  4Ed/Q  (where  Q  is 
the  specific  energy  of  the  explosive  charge)  is  required  to  match  the 
underwater  spark  discharge  power.  Since  4  is  often  >  1  or  4  =  7.45  for  the 
no.  1  type  of  discharge  in  Table  l.  the  use  of  high-power  under  water 
spark  discharges  in  engineering  operations  is  frequently  more  advantageous 
energetically  than  chemical  explosive  charges. 


Antonov,  E.  A.,  and  A.  M.  Gladilin. 

Amplification  of  detonation  waves  in 
secondary  reaction  zone  of  a  two-phase 
medium.  MZhiG,  no.  5,  1972,  92-96. 

A  numerical  solution  is  obtained  to  a  problem  on  the  non¬ 
stationary  one -dimensional  flow  of  a  gas  plus  solid  particle  mixture,  with 
secondary  chemical  reactions  between  particle  vapor  and  detonation  products 
It  is  assumed  that  an  H2  +  1/2  02  mixture  detonates  in  a  half-space  X  >  O 
yielding  a  detonation  H20  product  which  reacts  exothermically,  behind  the 
detonation  wave  front  with  clement  A  vapors.  Under  certain  conditions. the 
heat  Q  of  this  secondary  reaction  is  transferred  to  and  amplifies  the 
primary  detonation  front.  To  determine  the  amplification  conditions. the 
ilow  of  each  phase  of  the  two-phase  medium  is  described  by  separate  sets 
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calculafed  for  a  detonation  wave  front  initially  propagating  at  Dq  = 

2,500  m/sec.  All  of  the  parameters  plotted  in  ordinates  of  the  Figs.  1-4 
are  dimensionless  and  the  distances  x  are  in  cm.  Under  the  conditions 
illustrated  in  Figs.  I  and  3,  D  increased  by  85  and  575  m/sec.  ,  respectively. 
The  pressure  p  in  these  cases  increased  behind  the  wave  front  owing  to 
increases  in  p,  from  intensive  vaporization.  Notwithstanding  the  sharp 
slope  of  the  p  profiles,  a  shock  wave  was  not  formed  and  the  thermo¬ 
dynamic  function  profiles  behind  the  detonation  wave  were  stable.  The 
D  profile  in  Fig.  4  shows  that  the  detonation  front  is  perturbed  at  8  cm  from 


Fig.  4.  Detonation  front  velocity  vs. 
distance  from  the  origin  of  detonation: 
r  =  5xl0"6  m,  Q  =  200  kcal/mol. 


the  origin.  The  amplification  is  explained  by  the  increases  in  temperature 
immediately  behind  the  front  and  the  gas  velocity  in  the  interval  between  the 
p  hump  and  the  front.  The  D  (x)  profile  levels  at  x  >  100  cm.  D  does  not 
increase,  even  at  Q  =  300  kcal/mol.  ,  in  the  presence  of  particles  with 
r  >  10"5  m. 
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Kiyashko,  S.  V.  ,  M.  I.  Rabinovich,  and 
V.  P.  Reutov.  Observation  of  explosive 
instability  of  parametrically-guided  waves. 

ZhETF  P,  v.  16,  no.  7,  1972,  384-387. 

Results  are  described  of  experimental  observations  of  the 

explosive  instability  of  electromagnetic  waves.  Experiments  were 

conducted  in  a  nonlinear  medium  in  the  RF  range  on  a  two-wire  transmission 

2 

line  with  nonlinear  leakage  and  a  current  and  voltage  relationship  j  =  <r  U  . 

H 

T'rnnel  diodes  were  used  as  nonlinear  leakage  components  with  operating 
points  at  the  characteristic  maximum.  A  monochromatic  wave  with  a 
frequency  of  60^,  60^,  or  60^  was  generated  in  the  test  system,  in  which  linear 
dissipation  was  introduced  independent  of  the  tunnel  diodes;  the  wave 
attenuated  exponentially  during  line  propagation.  A  pair  of  waves,  with 
frequencies  to.  and  60.  was  subsequently  applied,  and  a  third,  combined 
frequency  wave  was  generated. as  a  result  of  synchronism;  the  amplitudes 
of  all  waves  increased  simultaneously.  The  growth  rate  was  dependent 
on  the  amplitude  boundary  values.  When  synchronism  did  not  occur, 
both  waves  decayed  independently.  A  similar  experiment  was  conducted 
for  a  degenerating  case:  the  interaction  of  fundamental  waves  with  second 
harmonics,  which  yielded  similar  results.  Fig.  1  shows  the  attenuation  of  the 


Fig.  1.  Attenuation  of  to  and  2a'waves. 
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(0  and  20)  waves  without  interactions  (curve  a);  and  with  a  nonlinear 
interaction  (curves  b  and  c).  It  is  seen  that  under  synchronism  the 

Dwave  amplitudes  simultaneously  increase,  attesting  to  the  presence  of 
explosive  instability.  The  results  were  also  valid  in  the  absence  of 
linear  dissipation. 
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A .  Abstracts 
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Commander  Islands,  begun  in  1961,  were  continued  in  1967.  A  network  of 
14  seismographic  field  stations  operated  in  1967,  including  the  reopened 
Ozero  station  which  expanded  the  area  of  reliable  recording  of  earthquakes 
with  E  >  10  j.  The  stations  were  equipped  with  VEGIK  seismograph  system 
with  Ts  ~  l.  2  sec  and  =  10,  000  at  1-20  Hz,  except  for  the  station  at 

Esso  which  has  an  SKM  seismograph  system  with  T  =  l.  2  sec  and  T  = 
30,  000.  A  catalog  listing  of  the  following  data  on  806  earthquakes  with** 

E  -  1°  J  occurring  in  Kamchatka  and  the  Commander  Islands  in  1967  is 
given;  date,  origin  time  (GMT),  epicenter  coordinates,  focal  depth,  energy- 
class  K  =  lgE(j),  accuracy  class  in  determination  of  the  epicenter,  accuracy 
class  in  determination  of  the  focal  depth,  and  the  name  of  the  region  where 
the  earthquake  originated.  The  distribution  of  all  1481  recorded  earthquakes 
with  respect  to  energy  is  as  follows: 


Earthquake  energv 

(in  joules)  107  108  109  I0l°  10U  1012  1013 

No.  of  earthquakes  198  477  386  242  122  45  9 

Two  epicenter  maps  are  given,  one  for  earthquakes  with  E  > 
the  other  for  earthquakes  with  107  j  <  E  <  108  j  (Fig.  2) 


1014  io7-io14 

2  1481 


109  j  (Fig.  1)  and 
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Fig.  1.  Epicenter  Map  of  Earthquakes  with  E  >  10  j  in  Kamchatka  and 
the  Commander  Islands  in  1967. 


Fig.  2.  Epicenter  Map  of  Weak  Earthquakes  in  Kamchatka  in  1967. 

8  7 

Earthquake  energy  (in  joules):  1-10  ;  2-  10  ;  3  -  boundary  of  region  of 
reliable  recording  of  earthquakes  with  E  =  10^  j;  Other  designations  the 
same  as  in  Figure  1. 


The  slope  of  the  recurrence  graph  y  -  -0.56  for  earth¬ 
quakes  with  H  =  0-110  km  in  the  area  of  reliable  recording  earthquakes 

with  E  >  10*°  j;  y  =  -0.37  for  earthquakes  with  H  =  101-200  km  in  the  area 

9 

of  reliable  recording  of  earthquakes  with  E  >  10  j. 


A  seismic  activity  map  compiled  for  earthquakes  with  H  < 

100  km  is  shown  in  Figure  3.  was  calculated  using,  as  the  averaging 

area,  a  8800  km  ellipse  with  150-km-long  major  axis  parallel  to  the 
Kurile -Kamchatka  and  Aleutian  trenches  in  the  Kamchatka  and  Commander 

O 

Islands  regions,  respectively.  In  the  areas  of  weak  earthquakes  with  10  < 

E  <  10  j  the  area  used  for  averaging  was  a  circle  with  a  30-km  radius. 

The  distribution  of  hypocenters  in  the  entire  seismic  zone 
and  its  sectors  (indicated  in  Fig.  1)  is  shown  in  Figure  4a  in  the  form  of 
their  projections  onto  a  vertical  plane  transverse  to  the  axis  of  the 
Kamchatka  -  Kurile  -  Hokkaido  volcanic  arc.  Most  of  the  hypocenters  are 
concentrated  within  a  focal  layer.  As  can  be  seen  on  the  composite  transverse 
section  (Fig.  4b),  the  focal  layer  has  a  thickness  of  78  km  and  dip  angle  of 
48  ,  The  layer  is  confined  to  the  contact  of  the  blocks  of  continental  and 
oceanic  crust  and  upper  mantle.  The  distribution  of  hypocenters  of  earth¬ 
quakes  within  a  100-kmwide  strip  along  Kamchatka  is  shown  in  Figure  5. 
Earthquake  hypocenters  are  distributed  uniformly,  and  the  focal  layer  extends 
continously  along  Kamchatka. 


The  majority  of  the  epicenters  of  earthquakes  in  1967,  similar 
to  previous  years,  lies  within  two  strips:  the  main  strip,  along  the  Kamchatka 
coast  confined  to  the  emergence  of  the  Pacific  Ocean  focal  zone  onto  the  earth's 
surface;  the  other  strip,  southward  from  the  Kronatskiy  Zaliv  along  the 
lower  part  of  the  continental  slope  of  the  Kurile -Kamchatka  trench. 


IgN  =  f(K)  where  K  =  lgE(j) 
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Fig.  3.  Seismic  Activity  Map  for  Kamchatka  and  the  Commander  Islands 
for  1967. 

1-  Seismic  activity  isolines  in  units  of  A^0:  2“  seismic  activity  maxima  in 
units  of  Aio-  Epicenters  of  strong  earthquakes  during  1951-65  (H  =  0-100  km) 

3  -  M  >  7  3/4;  4-  M  =  7-7  1/2.  Epicenters  of  earthquakes  during  1956-65: 

5  -  M  =  6  1/4-63/4;  6  -  M  =  6;  7-  hypocentral  regions  of  the  earthquakes  of 

4  November  1952  with  M  =  8.  5  and  5  May  1959  with  M  =  7  3/4  (9);  8-  seismo- 
graphic  stations;  9-  active  volcanos;  10-  boundary  of  region  of  reliable 
recording  of  earthquakes  with  E  >  10^0  u_  isobaths. 
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Fig.  4a.  Transverse  Sections  of  Hypocenters  of  Earthquakes  in  1967 
within  Sectors  5-12  (a),  and  Composite  Section  (b). 

Earthquake  energy:  1  thru  6-  the  same  as  in  Fig.  1.  Accuracy  class; 
7-  a  (±5  km);  8-  b  (±  10  km);  9-  c  (±  15  km);  10-  n/c  (±  16-25  km); 

11-  assumed  epicenter  (error  greater  than  25  km);  12-  boundary  of  focal 
layer  with  a  thickness  of  74  km. 
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Fig.  4b.  (Same  as  4a). 


Fig.  5.  Longitudinal  Section  of  Hypocenters  of  Earthquakes  in  196  7 
within  the  100-km  Wide  Strip  (±  50  km  from  the  volcanic  arc,  see 
Fig.  1).  Designations  the  same  as  in  Figure  4a. 


Seismic  activity  in  the  Kamchatka  coastal  zone  (the  two 
epicentral  bands)  in  1967  was  at  the  same  level  as  in  the  1961-66  period 
(AlCp/  0.  7  to  A1q  =  3.3).  The  most  intense  earthquake  swarms  occurred 
in  the  Kamchatka  Zaliv  (49  shocks  with  E  =  109-1013  j  on  8-18  January  and 
25  shocks  with  E  >  109  j  between  12  January  and  8  February).  The  maxima 

of  seismic  activity  (A10  >2.5)  in  Kamchatka  Proliv  migrated  toward  the 
peninsula. 

The  majority  of  earthquakes  with  E  >  109  j  originating  in 
the  peninsula  of  Kamchatka  are  concentrated  within  the  focal  layer.  The 
space  between  the  crust  and  focal  layer,  beneath  the  volcano  chain,  appeared 
to  be  seismic,  not  aseismic  as  was  considered  prior  to  1967.  The  seismic 
activity  of  the  folded  structures  of  Kamchatka  in  1967  was  the  same  as  in 
1964-65.  Epicenter  concentrations  are  confined  to  the  Kozyrevskiy  ridge, 

East -Kamchatka  ridge  and  the  Klyuchi  volcano  group.  The  Kamchatka  volcanos 
were  not  active  in  1967. 

As  in  previous  years,  earthquakes  in  the  Commander  Islands 
in  1967  originated  along  the  northern  and  southern  slopes  of  the  islands. 

The  seismic  activity  of  the  Aleutian  Trench  was  lower  than  that  of  the  slope 
facing  the  Bering  Sea-; — 


Rakhimov,  A.  R.,  R.  D.  Nepesov,  and 
N.  Annamukhamedov.  Depths  of  strong 
earthquakes  in  the  Kopet-Dag  seismic 
zone.  IN:  AN  TurkSSR.  Izvestiya.  Seriya 
fiziko-  tekhnicheskikh,  khimicheskikh  i 
geologicheskikh  nauk,  no.  1,  1973,  27-29. 

An  attempt  is  made  to  determine  focal  depths  of  earthquakes 

with  M^4,  originating  in  the  Kopet-Dag  seismic  zone,  using  P-  waves 

recorded  at  nearby  seismographic  stations.  Focal  depth  is  determined  from 

the  station  discrepancies  in  the  travel  time  f.  =  t  .  -  t  '.  .  where  t  .  is 

*  1  P1  Pi  Pi 

observed  travel  time,  t  is  travel  time  according  to  the  Jefferies -Bullen 

tables  for  different  presumed  focal  depths.  The  true  focal  depth  of  an 

earthquake  is  accepted  as  corresponding  to  the  presumed  focal  depth  for 

which  fj  values  change  their  signs.  If  the  mean  station  discrepancy  f.  does 

not  change  its  sign,  the  focal  depth  can  be  determined  from  the  station 

discrepancies  in  origin  time.  The  true  focal  depth  of  an  earthquake  is 

accepted  as  corresponding  to  the  presumed  focal  depth  for  which  the  mean 

square  value  of  the  station  discrepancies  in  origin -time  reaches  the  minimum. 


A  more  accurate  determination  of  the  focal  depth  of  an  earth¬ 
quake  is  made  by  comparing  epicentral  coordinates,  calculated  from  the 
observations  of  distant  seismographic  stations,  with  the  set  of  epicentral 
coordinates  calculated  using  observations  from  nearby  seismographic  stations, 
for  different  presumed  focal  depth.  The  focal  depths  of  strong  earthquakes 
in  the  Ashkhabad  region  determined  by  this  method  are,  mainly,  20-30  km. 
The  following  table  gives  focal  depths  of  the  Kopet-Dag  earthquakes,  determined 
by  the  latter  method. 


I 


ii 


0 

n 

o 

0 

0 

0 

0 

0 

0 

0 

0 


Focal  Depths  of  Earthquakes  in  the 
Kopet-Dag  Seismic  Zone 


Date 

Time, 

hour 

h, 

km 

M 

September  17,  1961 

5 

45 

4.  2 

March  19,  1962 

23 

50 

4.  5 

November  1 2 ,  1964 

8 

20 

5.  2 

December  3,  1964 

22 

50 

4.  5 

May  7,  1965 

1 

45 

4.  5 

December  6,  1965 

14 

5 

4.  0 

January  18,  1966 

20 

30 

4.  5 

November  26,  1966 

13 

30 

4.  5 

January  26,  1969 

2 

45 

5.  0 

November  23,  1969 

11 

10 

4.  7 

November  25,  1969 

9 

20 

4.  5 

January  9,  1970 

9 

10 

4.  9 

July  30,  1970 

0 

25 

6.7 

July  30,  1970 

2 

10 

4.  0 

July  30,  1970 

2 

15 

4.  0 
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Kharitonov,  O.  M.  Solution  of  a  wave 
equation  for  a  heterogeneous  medium  with 
a_vertical  velocity  gradient-  IN:  AN  UkrSSR. 
Geofizicheskiy  sbornik,  no.  49,  1972,  81-84. 

The  motion  equation  for  a  heterogeneous  medium 

W,)g,.dd,v^+^sradUlv-+ersd|<y,  /*  ,  A 

'  dl>  1  /  '  <9/2  ’ 

Where  t  is  a  generalised  symbol  for  the  coordinate  axes  and  *  represents 

^7  7Ct0rS'  iS  form  of  a  system  of  two  inde  „t 

differentia!  equations  in  the  terms  of  scalar  potential  *  and  components  of 
vector  potential  :  iponents  ot 


v*  (*.  y,  z)  a/2 


l  <92^, 


The  solution  of  equations  <2,  and  <3,  is  reduced  to  the  solution  of  a  linear 

“"-*w — - - — — *. 


=—  1  .  ^(x.y.z, /) 

v*(x,y,z)  at?  •  (4] 

vertical  veined  Par“CUlar  ^  °f  “  aXiall>'  ^metrical  medium  with  a 
velocity  gradient  is  considered.  Expressions  are  given  for  total 
displacement  renresentino  ^  „  . .  ,  6  r  cocal 

epresenting  a  particular  and  general  solution  of  equation  (I). 


Shadrin,  L.  Nuclear  explosions  produce 
glL  Nauka  i  zhizn',  no.  2,  1973,  14-19. 


The  use  of  nuclear  explosions  to  stimulate  the  discharge  of 
oil  and  gas  wells,  as  well  as  for  providing  storage  facilities  for  oil  and  gas, 
is  reviewed.  The  effects  of  a  confined  explosion  on  rocks  are  illustrated 
in  text,  as  is  a  gas  storage  facility, 

Two  examples  of  Soviet  use  of  nuclear  explosions  for  the 
stimulation  of  oil  well  discharge  are  briefly  described.  In  one  case,  three 
charges  totaling  about  13  kilotons  were  fired  at  a  depth  of  13  50  m.  The  crack 
propagation  zone  was  observed  within  an  area  having  a  radius  of  300-400  m, 
while  individual  cracks  were  observed  at  distances  of  800  m.  The  overall 
production  of  20  nearby  oil  wells  increased  by  more  than  one  third.  In 
another  case  two  charges  of  8  kilotons  each  were  fired  in  an  oil  deposit 
consisting  of  dolomite  and  limestone.  The  productivity  of  7  oil  wells  within  a 

distance  range  of  800  m  increased  by  a  factor  of  1.  5.  The  problems  of  radiatioh 
hazard  are  discussed. 


Yepinat 'yeva,  A.  M.  Determination  of  the 
thickness  of  a  refraction  layer,  IN :  A N 

UkrSSR ,  Geofizicheskiy  sbornik,  no.  50, 
1972,  3  -12, 


An  approximate  method  is  proposed  for  the  determination  of 
the  thickness  of  a  refraction  layer  using  time -distance  curves  of  head  waves 
from  the  layer's  surface  and  reflected  waves  from  its  basement.  A  formula 
for  thickness  is  developed  for  a  three -laye  red  homogeneous  medium,  assuming 
that  the  travel  paths  of  the  considered  waves  through  the  first  layer  coincide 
The  errors  in  the  thickness  determined  by  this  method  are  discussed. 
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field  data  and  the” de^d  *  de‘erminati“1  °f  <««*■*•■■  u.ing 

— »en  ioggingkr;  :r  iicirc'r  ™toed  by  „ 

-  -  ~  methodic  Zd  L  J"”\* 


Chesnokov,  Ye.  M.  ,  and  A.  O.  Gliko. 

♦  a  homa^nn. 

transversely — isotropic  model  of  u£££r 

Hl^ntle.  IN;  ANSSSR.  Izvestiya.  Fizika 
Zemli,  no.  3,  1973,  20-28. 

Horn  Formulas  are  developed  for  the  elastic  coefficient  of  a 

homogeneous  tran^preoi,,  •  .  m  oi  a 

of  P-  and  S-waves  is  estimaJd7oT ^deV 

of  olivine  crystals  oriented  in  diff  ,  PP6r  mantle  comPosed 

mechanisms  of  the  generation  of  eTt  <aCC°rdin8  ‘°  *he  'W°*hesi2ed 

beneath  continents  Id  “  ^  ,1  ^  ^  “““* 

data  for  continents  and  oceans  "*  C°mPared  Wi*h  ^Umental 


The  elastic  coefficients  (see  Table  n  „  , 

tbo  frUi  •  laoie  l)  are  determined  for 

the  following  orientations  of  olivine  crystals; 


Oriented 


“•* 5  ^  7.4  32. 3  8.0.  7 

27 •  2  q’  14  r)  04  (,  85  (>.  83  19.  8  ,q  7 

25,02  24  27  6  98  6  68  7'85  7,82  29.9  29  89  7,38  7 


Table  l.  Elastic  Moduli  of  a  Transv...^  .1  T  , 

Olivine  Crystals  (C  10*' 1 dX"  Coi”P°s^  of 

ij  /  c  m  ). 

Note;  calculations  were  made  using  elastic  morl.,1  t 

according  to  Verma,  i960.  k  moduli  lor  olivine  monocrystal 
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a)  the  c-  axis  is  oriented  in  the  direction  of  the  OZ-  coordinate 
axis,  whiLe  the  a-  and  b-axes  are  arranged  arbitrarily  and  form  an  isotropy 
plane  (the  upper  mantle  beneath  continents);  b)  the  b-axis  is  oriented,  while 
the  c-  and  a-axes  form  an  isotropy  plane  (the  upper  mantle  beneath  oceans, 
hypothized  by  Hess,  1964);  c)  the  a-axis  is  oriented,  while  the  b-  and  c-axes 
form  an  isotropy  plane  (the  upper  mantle  beneath  oceans,  hypothesized  by 
Frencis,  1969). 

Velocities  of  P  and  S  waves  a,nd  corresponding  coefficients  of 
anisotropy  determined  using  calculated  elastic  moduli  are  given  in  Table  2. 


Oriented 

axis 

VPII  ’ 

km/ sec 

VPl 

km/sec 

Vsv’ 

kin/ sec 

VSH’ 
km/ sec 

«P* 

% 

s 

% 

V 

H 

V 

H 

V  H 

V 

H 

V 

H 

V 

H 

a 

8.  17 

8,  14 

9.  91 

9.  90 

4.  93  4,  92 

4.60 

4.  58 

21.2 

21.5 

7.  1 

7.  1 

b 

9.03 

9.  18 

7.  74 

7.  70 

4.  70  4.  69 

5.  29 

5,  09 

17.8 

17.3 

12.5  10.0 

c 

8.  70 

8.  58 

8.  69 

8.  68 

4/73  4.  71 

5.  23 

5.  10 

Q0 

0.  1 

10.5  8.80 

Table  2.  Velocities  of  Elastic  Waves  in  a  Transversely  Isotropic  Medium 

Composed  of  Olivine  Crystals. 

Note:  velocities  are  calculated  using  formulas  according  to  Anderson  (1961) 
and  Fedorov  (1965). 


i 

i 


As  can  be  seen  from  the  above  tables,  if  the  c-axis  represents 
a  symmetry  axis,  anisotropy  of  P  waves  is  absent  while  that  of  S-waves  is 
significant.  This  is  in  agreement  with  observed  data  on  the  dispersion  oi  the 
phase  velocity  of  surface  waves.  If  the  b-axis  represents  a  symmetry  axis, 
anisotropy  of  P-waves  exists,  while  that  of  S-waves  is  high.  This  fail  is  in 
agreement  with  experimental  daia  on  P-waves  in  tin-  upper  mantle  beneath  ocean 
and  Hess'concept  of  the  mechanism  of  the  generation  of  elastic  anisotropy.  If 

r 

the  a-axis  represents  a  symmetry  axis,  anisotropy  of  P-waves  exists  while 
that  of  S-waves  is  small. 

I 
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Chekunov,  A.  V.  Symposium  on  the  physical 
properties,  composition,  and  structure  of  the 
upper  mantle  IN:  UkrSSR.  Geofizicheskiy 
sbornik,  no.  50,  1972,  77-80. 

The  papers  presented  at  the  symposium  held  during  19-21  April, 
1971  at  the  Institue  of  Physics  of  the  Earth  in  Moscow  are  reviewed.  Twenty 
five  papers  dealing  with  the  results  of  geochemical  and  geophysical  studies 
of  the  upper  mantle  were  presented. 

Composition 


It  was  pointed  out  in  a  number  of  papers  that  the  criteria  for 
identification  of  mantle  material  are  not  sufficiently  unique.  For  example, 

B.  G.  Lutts  reported  the  existence  of  at  least  two  types  of  eclogites,  i.  e.  , 
mantle  and  crustal.  Crustal  eclogites  differ  from  those  of  the  mantle  by  the 
composition  of  rock-forming  minerals,  and  occur  only  locally.  The  results  of 
experiments  carried  out  by  M.  P.  Volarovich  and  his  group  showed  that  the 
elastic  properties  of  crustal  and  mantle  eclogites  differ  greatly.  Thus,  at 
pressures  of  10-20  kbar,  the  velocity  of  compressional  waves  in  mantle 
eclogites  varies  from  8.0-8.  5  to  9.  0  km/sec,  while  in  crustal  eclogites, 
it  varies  from  7.5  to  7.8  km/sec  Yu.  S.  Genshaft  emphasized  that  in  the 
modeling  of  the  mineralogical  composition  of  the  lower  crust  and  upper  mantle  , 
one  should  study  mineral  assemblages  rather  than  monomineral  systems. 

The  explanation  is  given  that  the  absolute  stability  of  a  mineral  differs  signi¬ 
ficantly  from  its  relative  stability  in  paragenesis.  It  was  also  pointed  out 
that  the  velocity  of  elastic  waves  in  minerals  may  decrease  with  an  increase 
of  their  density  (such  as  with  obsidian,  silver  chloride .  etc.).  V.  A. 

Zharikov,  I.  P.  Ivanov,  Yu.  A.  Litvin  and  M.  P.  Epel  baum  pointed  out  that 
in  studying  m ineral  assemblages  under  deep-seated  physicochemical 
conditions,  attention  should  be  paid  to  the  partial  pressure  of  water,  carbon 
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dioxide,  etc.  Thus,  the  depth  of  the  generation  of  granitic  magma  changes 
by  a  factor  of  two,  if  determined  taking  into  account  partial  pressures. 

According  to  V.  S.  Sobolev,  the  composition  of  the  upper  mantle  immediately 
beneath  oceans  corresponds  to  the  stability  field  of  plagioclase  and  olivine, 
with  respect  to  pressure,  and  to  the  stability  field  of  green  schist  facies  of 
epidote  amphibolites,  with  respect  to  temperature.  At  greater  depths, 
it  corresponds  to  spinel  peridotites  and,  at  50-60  km,  to  garnet  peridotites. 

The  composition  of  the  upper  mantle  immediately  beneath  continents  corresponds 
to  the  stability  field  of  spinel  peridotites  and,  in  places,  of  garnet  peridotites. 

At  greater  depths,  it  corresponds  to  diamond  ferrous  garnet  peridotites  and 
eclogites.  According  to  B.  P.  Zolotarev  and  S.  F.  Sobolev,  the  mantle 
is  composed  mainly  of  garnet  and  spinel  peridotites,  and  eclogites.  S.  M. 
Kravchenko  presented  the  results  of  geochemical  studies  of  basalts  from 
assumed  mantle  sources.  He  came  to  the  conclusion  that  the  upper  mantle 
is  composed  of  basalt  achondrites  and,  at  greater  depths,  of  chrondites. 

Magmatism  and  Metamorphism 


It  was  unanimously  accepted  that  basalt  magma  originates  in 
the  mantle.  B.  G.  Lutts  and  other  authors  supporting  the  hypothesis  of  an 
eclogite  mantle  (developed  by  A  .  A.  Yaroshevskiy),  consider  the  transform¬ 
ations  eclogite »  basalt  to  be  possible  While  opinions  with  regard  to  the 
depth  of  the  generation  of  basalt  magma  did  not  differ  considerably,  the 
mechanism  of  magma  emanation  was  argued.  The  hypothesis  of  the  zonal 
melting  of  the  mantle,  which  was  put  forward  by  A.  P.  Vinogradov,  was 
preferrec  A.  A.  Yaroshevskiy  pointed  out  that  emanation  of  magma  is  not 
merely  a  mechanical  process,  but  is  accompanied  by  a  change  in  the  composition 
of  the  melt.  According  to  A  .  P.  Akimov  and  others,  magma  is  saturated  with 
radioactive  components  while  moving  through  the  "granitic"  layer  The 
wide  variation  of  the  radioactive  elements  in  xenolilhs  is  explained  on  the 
basis  of  the  above  concept.  P.  N.  Kropotkin  pointed  out  that  the  "granitic" 


layer  can  in  no  way  be  obtained  from  mantle  material.  A  primary  "granitic" 
layer  was  formed  at  an  early  stage  of  the  Earth's  evolution  from  a  silicate  - 
water  system.  The  absence  of  the  "granitic"  layer  beneath  the  oceans  is 
explained  by  continental  drift.  A  secondary  "granitic"  layer  is  formed  from 
sediments,  the  primary  "granitic"  layer,  and  partly  from  the  "basaltic" 
layer  melting  out  in  orogenic  belts. 

Heat  flow 

Yc.  A.  Lyubimova,  A.  A.  Borisov,  and  G.  I.  Kruglyakova 
presented  the  results  of  a  study  of  heat  flow  in  different  types  of  crust. 

The  heat  flc  v  in  shields  was  found  to  be  effected  by  the  mantle.  The  temper¬ 
atures  at  the  Moho  discontinuity  beneath  shields  are  found  to  be  300-400°  C, 
while  those  beneath  oceans  are  200-300°  C.  A.  A.  Borisov  and  G.  I. 
Kruglyakova  found,  using  a  different  method,  that  the  temperatures  at  the 
Moho  discontinuity  over  a  large  part  of  the  USSR  are  300-400°  C  (lower 
temperatures  of  200-300°  C  are  found  in  shields  and  higher  at  300-500°  C, 
in  plates). 

Magnetism  and  seismology 


M.  N.  Berdichevskiy.  A.  T.  Bondarenko,  L.  L.  Van'yan, 

E.  I.  Parkhomenko,  V.  Ye.  Fadeyev,  and  I.  S  Feldman  reported  the  results 
of  magnetotelluric  soundings.  A  high  conductivity  layer  is  observed  in  the 
north-central  Pannonian  depression  at  5C  km.  in  the  south  Caspian  depression 
at  40-60  km,  in  the  Vilyuyskaya  syneclise  at  15-25  km.  in  Baykal  rift  zone, 
etc.  The  origin  of  this  layer  is  explained  as  due  to  the  process  af  de*hydration 
and  partial  melting,  as  well  as  amorphization,  or  due  to  i  hemical  reactions 
or  phase  transition  in  the  upper  mantle.  N.  P.  Lopatina  and  /.  Z.  Ryaboy 
reported  the  occurence  of  a  discontinuous  low  velocity  layer  in  the  upper 
mantle  in  the  Baykal  region  and  on  Kamchatka  They  nave  compiled  a  map 


of  the  velocity  along  the  Moho  discontinuity  for  the  USSR  territory.  The 
upper  mantle  is  characterised  by  lateral  inhomogeneities,  but  regardless 
of  this  fact,  the  average  velocity  of  seismic  waves  to  a  depth  of  150-200  km 
appears  to  be  the  same  over  the  entire  territory.  A.  V.  Nikolayev  and  others 
■  entitled  relat.vely  small  inhomogeneities  in  the  upper  mantle  by  studying 
t  e  seismic  "turbidity  factor".  It  was  found  that  the  "seismic  turbidity"  of 
the  crus,  is  higher  by  a  factor  of  2-4  than  tha,  of  ‘he  upper  mantle,  whereas 
the  turlidlty  of  the  continental  crust  is  higher  than  that  of  the  oceanic  crus,. 

L  P.  Vinnik  and  A.  A.  Godzikovskaya  proposed  a  new  method  for  the  analysis 
of  converted  waves  from  earthquakes  (the  method  of  seismieally  conjugate 
points),  p.  w.  Kropotkin  and  B.  W.  Frolov  established  the  existence  of  strong 
compress, onal  horizontal  stresses,  considerably  exceeding  hydrostatic 
pressure,  while  studying  the  stress  stale  in  the  roeks  in  mines.  This  excess 
stress  reaches  its  peak  value  a,  a  depth  of  10-40  km.  I,  is  also  observed 
in  the  Baltic  shield,  the  North  American  and  African  ancient  platforms,  the 
Paleozoic  folded  belts  of  Norway,  Spitsbergen,  Iceland,  the  Urals,  Sayan, 
Kazakhstan,  Tasmania,  and  the  Cenozoic  folded  belts  of  Portugal,  Iran, 
Malaysia,  and  California. 


Physical  properties  of  rocks  at  hiuh  icmpor.,.,,™.  ^ 


pressures. 


M.  P.  Volarovich.  Ye,  I.  Bayuk,  A.  I  Levykin,  and  I.  S 
Toma  ihevskaya  determined  velocity-pressure  curves  for  major  rock  types 
at  pressures  ranging  to  15  kbar.  The  velocity  anisotropy  for  rocks  and 
minerals  was  established.  I,  was  found  tha,  the  velocity  of  elastic  waves  in 
roeks  decreases  in  the  process  of  plastic  deformation  According  to  the 
authors,  the  low  velocity  layer  within  the  crus,  (Central  Asia,  Arkarpat'ye) 
corresponds  to  the  velocity  in  schist,  g.bbroic  rocks  T.  S  Lebedev. 

V.  I.  Shapoval  and  V.  A.  Korclm,  (Institute  of  Geephy.tcs  of  the  Academy 
of  Sconces.  Ukrainian  SSR)  showed  that,  under  P.  T  ondition.  in  the 
Ukrainian  shield,  the  velocity  of  compression.,,  wav,  in  granitic  rock. 
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increases  by  8-10%  to  a  depth  of  7-10  km.  With  a  further  increase  in  depth 
(10-15  km),  velocity  does  not  change  or  changes  insignificantly.  Within 
the  depth  interval  from  18-20  km,  velocity  decreases  by  2-3%,  while  at 
greater  depths,  it  increases  again.  Thus,  in  the  Ukrainian  shield,  where 
granitic  rocks  lie  at  depths  of  18-20  km,  there  exist  favorable  conditons 
for  the  occurrance  of  a  low  velocity  layer. 


Sobolev,  G.  A.,  V.  N.  Morozov,  N.  T. 
Migunov.  Electrotelluric  fi^M  and 
strong  earthquakes  in  Kamchatka.  IN: 
ANSSSR.  Izvestiya.  Fizika  Zemli,  no. 
2,  1972,  73-80. 


An  analysis  is  given  of  an  observed  anomalous  time  variation 
of  the  electrotelluric  field  accompanying  two  strong  earthquakes  in  Kamchatka 
on  19  December  1968  (M  =  6,  h  =  40-50  km)  and  2  January  1969  (M  =  5,  h  = 

30  km).  Observations  of  the  electrotelluric  field  were  conducted  at  the 
Shipurskiy,  Semlyachik,  Kronoki,  and  Paratunka  stations  (see  Fig.  1), 
using  an  Mi7/13  galvanometer  and  lead  electrodes  spaced  200  m  apart  in 
NS-EW  directions. 


The  observed  time  variations  of  the  elec!  rotelluric  field  are 
shown  in  Figure  2  Prior  to  the  19  December  1968  earthquake,  significant 
variations  up  to  300  mV/km  were  observed  at  the  Shipunskiy  station 
(smallest  epiccntral  distance)  and  smaller  ones  at  the  Semlyachik  station 
In  the  period  between  19  December  and  2  January,  less  notable  variations 
were  observed  at  all  stations  After  2  January,  variation.  w,  re  again  smooth. 
Disturbanccsof  E  due  to  the  effect  of  the  ionosphere  and  ocean  tides  were 
negligible  during  that  period.  Polarization  at  the  electrodes  was  considered 
as  a  stationary  process  Temperature  variations  did  'o  Correlate  with 
E  variations 


Fig.  1.  Location  (1)  of  llit  Hypothetical  Dipole 
Electric  Source  prior  to  the  Earthquake  of  19 
December  1968  and  its  Field. 


T-  calculated;  E-  observed;  2-  location  of  the 
hypothetical  source  prior  to  he  earthquake  ot 
2  January  1969. 


The  position  of  the  hypothesized  piezoelectric  source  of 
the  anomalous  variation  of  the  electrotelluric  field  intensity  is  determined 
as  observed  at  the  Shipunskiy  and  Semlyachik  stations  prior  to  the  earth¬ 
quake  of  19  December  1968.  The  source  was  assumed  to  be  a  horizontal 
dipole,  on  the  basis  of  the  criterion  p  <  10  h  (h  =  5-10  km  corresponding 
to  the  depth  of  the  "granitic"  layer)  and  prevailing  horizontal  compressional 
stresses  in  Kamchatka.  The  position  of  the  dipole  at  a  depth  of  5-10  km  was 

determined  using  criteria  G.,  =  G, ,  ,  where 

12  exp  12  theor 

2  2  2 
Ej  AjCos  cc^+BjSin  cp 

G1 2  =  2  =  - 2 - -  (1) 

E2  AjCos  cp2+B2sin 'ep2 

The  assumed  position  of  the  source  and  the  theoretical  field  induced  by 
it  are  shown  in  Figure  l.  The  possible  location  of  the  source  lies  near 
the  Pacific  focal  zone.  Similar  anomalous  variations  of  the  electrotelluric 
field  intensity  prior  to  strong  earthquakes  with  epicentral  distance  less  than 
150  km  were  observed  at  the  following  seismographic  stations  in  Kamchatka. 


Onset  of 

Date 

Magnitude 

Station 

anomaly 
prior  to 
earthquake 
(in  days) 

4  May  1958 

7  3/4 

Petropavlovsk-Kamchatskiy 

15 

22  December  1965 

5  3/4 

_  II  _ 

14 

4  September  1968 

5 

Shipunskiy 

17 

8  June  1969 

5  l  /2 

_  II  _ 

16 

16  July  1969 

5  1/2 

Shipunskiy,  Paratunka 

13 

ll  February  1969 

4  1/2 

Shipunskiy,  Kronoki 

7 

17  February  1969 

4  1/2 

Shipunskiy 

4 

24  Feoruary  1969 

4  l/2q 

Shipunskiy,  Semlyachik,  Kronoki 

5 

22  October  1969 

4  1/2 

Shipunskiy 

6 
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Yanovskiy,  A.  K.  Use  of  crosscorrelation 
functions  of  seismic  traces  for  coordinating 
seismic  observations.  IN:  AN  SSSR. 
Sibirskoye  otdeleniye.  Institut  geologii  i 
geofiziki.  Diskretnaya  korrelyatsi ya 
seysmicheskikh  voln  (Discrete  correlation  of 
seismic  waves).  Novosibirsk,  Izd-voNauka, 
1971,  50-72. 


A  statistical  model  of  a  wave  field  recorded  during  a  reflection 
sui  vey  has  been  constructed  An  analysis  is  given  of  the  relationship  existing 
in  such  a  model  among  B  (T)  -  the  cross -correlation  ^unction,  and  the 

A,x  Z 

distribution  of  At^  =  time  increments  on  the  time  distance  curves  of 
reflected  waves.  The  use  of  correlation  functions  for  discrete  wave  correlation, 
as  well  as  the  determination  of  static  and  dynar'  corrections  in  positional 
wave  correlation,  is  discussed. 

The  statistical  model  has  the  following  characteristics:  on  a 
set  of  adjusted  records,  there  exist  a  large  number  of  incoherent  waves  with 
identical  waveforms;  there  exists  a  dispersion  of  their  apparent  velocities 
and  amplitudes  around  the  mean  values  (of  these  parameters). 

It  was  found  that  for  such  a  model,  the  crosscorrelation 
function  can  be  considered  as  an  autocorrelation  function  passed  through  a 
low-frequency  filter,  which  results  in  a  decrease  of  maximum  amplitude  and 
apparent  frequency,  and  a  narrowing  of  the  signal  frequency  range.  There 
exists  a  class  of  jt  distribution  (normal  distribution,  in  particular)  which  is 
very  favorable  from  the  view  point  of  the  utilization  of  correlation  functions 
in  wave  correlation  Experimental  results  give  evidence  that  the  distributions 
found  under  real  conditions  either  belong  to  or  are  similar  to  the  above  class 


r 
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The  mean  error  in  determining  the  crosscorrelation  function 
does  not  depend  upon  the  dispersion  of  it  distribution.  The  crosscorrelation 
function  displays  an  interference  effect,  so  as  to  suppress  uncorrelated  waves 

and  resolve  (on  the  r  -axis)  wave  groups  with  different  mean  apparent 
velocities. 

The  determination  of  the  mean  true  offset  between  traces 
(m  =  MAtk)  from  the  maximum  of  the  crosscorrelation  function,  with  filtering 
is  an  asymptotically  optimum  one.  For  this  case,  the  sig„al-to-noise  ratio 
does  not  affect  the  accuracy  of  the  determination,  but  only  the  magnitude  of 
peak  value  of  correlation  coefficient. 


The  Problem  of  the  correlation  of  N  traces  is  reduced  to 
finding  the  value  at  which,  for  a  given  filtering,  the  sum  of  the  cross - 
correlation  functions  of  all  possible  pairs  of  traces  reaches  a  maximum. 

The  experimental  values  of  dispersion  of  At  distributions 
obtained  for  two  different  geological  regions  are  in  good  agreement,  At,  was 
significantly  correlated  along  the  profiles  The  introduction  into  the  records 

of  static  corrections  determined  by  crosscorrelation  functions  proved  to  be 
highly  efficient. 
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Voytov,  G.  I.  ,  et  al.  Some  geological- 
geochemical  consequences  of  the  14  May 
1970  Dagestan  earthquake.  IN:  ANSSSR. 

Doklady,  v.  202,  no.  3,  1972,  576-579. 

The  14  May  1970  Dagestan  earthquake  with  a  focal  depth  of 
about  3  0  km  (crustal  thickness  in  its  epicentral  zone  is  about  3  0  km) 

manifested,  in  addition  to  geomorphological,  the  following  geochemical 
effects: 


M-  The  content  of  hydrogen,  helium,  carbon  dioxide,  end 
methane  in  samples  of  air  taken  from  two  open  faults  in  the  epicenter  zone 

was  higher  relative  to  the  same  content  in  the  atmosphere,  as  can  be  seen 
from  the  following  table: 


H. 


He 


1 .  0.  038  up  to  0.  001 

2.  0.014 


Table  l 
°2  N2 
20.82  78.90 

20.31  79.50 


CO- 


up  to  0.  I 


CH. 

4 

0.00014  % 

0.00013  %; 


2).  The  salinity  of  the  water  from  wells  varied  significantly, 
while  its  overall  mineralization  and  pH  value  were  unchanged.  In  an  oil 
well  10-15  km  from  the  epicenter,  the  content  of  H2SiQ3  ,  SO  ,  J  ,  Br 
and  NH4  decreased,  the  content  of  HBO3,  Ca,  Mg  and  Cl  incteas^d.  wMle 
the  content  of  Na  +  K  was  unchanged  (see  Table  2),  In  another  oil  well 
5-6  km  from  the  epicenter,  overall  mineralization  decreased,  while  the 
salinity  varied  greatly  after  the  main  shock  (see  Table  2).  The  original 
salinity  level  was  gradually  reestablished. 
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TARI T  2 


— 

-  - — 

1  -  -  —  - - - - _ 

Lute 

l-H 

Ov«  alt 

SalinUjr,  mgr  / 1 

_ 

,r/l 

K.**,  i 

HBOj 

N*  *  K 

C* 

r— - 

— 

— 

_ 

_ 

Nfc  3 

1  Ac.  194? 

20  /an*  1970 

7,6 

4  22 

1/ 

0 

2  5 

1107.0 

0.0 

4.0 

1216  5 

^4 

10.4 

HCOj 

*179.0 

J 

2.5 

Br 

13.5 

*1  6 

' 

1007  0 

2?  04 

7.30 

1316. 1 

1!  11 

7.6 

4.  5) 

29 

54 

2  *1 

1020.  0 

*5# 

9.  12 

1347  5 

*50.2 

0.05 

10.65 

1.5 

*  No.  2 

4  3‘U.m  I960 

HAvg  1970 

8.0 

«.  0? 

2  92 

2  37 

59 

44 

0 

10 

15.  8 

0.65 

112  S 

049.6 

0.40 

11  02 

4  20 

5  42 

300  9 

297.1 

V0  5.0 

030.4 

095.4 

490.4 

8.06 

1.45 

4.06 

»2.0 

1  5 

3)  The  daily  discharge  of  gas,  water  and  oil  from  wells 
over  a  large  area  (100-250  km  from  epicentral  zone)  varied,  either  increased 
or  decreased  or  was  reestablished  (in  an  old  oil  well).  The  variations  observed 
in  oil  fields  40-50  and  50-60  km  from  the  epicenter  are  illustrated. 


Tabulevich,  V.  N.  Radiation  of  micro- 
seismic  oscillations  and  intrasound  by 
an  area  of  standing  waves.  IN:  AN  SSSR . 

Izvestiya.  Fizika  Zemli,  no.  6,  1972, 

85  -89. 

A  theory  of  oscillations  radiated  into  water  and  air  by  a  finite 
area  of  standing  waves  is  developed  A  mathematical  description  of 
oscillations  radiated  into  water  is  given,  considering  an  oscillating  plane 
piston  as  the  model  of  a  radiator.  A  numerical  example  is  shown  for  an 
area  of  standing  waves  with  diameter  d  3  0  km  and  a  microseismic  wave 
period  of  \  =  6  sec.  The  radiation  directivity  was  calculated  by  the  formula 


*he-e  J,(x)  is  a  Bessel  function  of  first  order  The  radiation  is  found  to 
be  sharply  vertical  with  dispersion  not  exceeding  15%. 

For  a  mathematical  description  of  infrasonic  waves  radiated 
“t°  ‘he  aifr  a  SyStem  °f  a'‘«™ti„s  cophasal  and  antiphasal  oscillating 
halfwave  plates  was  considered  as  the  model  of  the  radiator.  Numerical 
calculations  were  conducted  for  a  radiator  consisting  of  10  ocean  waves 
IN  =  20),  with  the  total  length  N-  Dx  =  300  m,  wave  crest  length  Dy  =  10  km, 
amphtude  A  =  5  m,  frequency  at  =  1/20  Hz  and  acoustic  impendence  C  =  43  CGS 
The  pressure  at  distance  ro  =  1000  km  generated  by  a  single  halfwave  radiator  ' 
.s  found  to  be  pef£  =  4.  2  microbar.  The  radiation  pattern  in  the  vertical 
Plane  through  the  middle  of  the  system  of  halfwave  radiators  is  characterized 
by  zero  radiation  in  the  vertical  (8  a  0°)  and  maximum  radiations  of  0.985  p 
4.  15  microbar  in  the  horizontal. 
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Particle  Beams 


A.  Abstracts 


Yegorov,  N.  V.,  V.  I.  Il'i„,  and  G.  N. 
Fursey-  Device  for  studying  pnl^rt 
field  emission.  PTE,  no.  4,  ’972,  157- 
160. 


,  .  .  .  .  ThC  *ub<cct  Pulsed  emission  device  consists  of  a  vacuum 

tube  high-voltage  square  pulse  generator  and  sensitive  circuitry  for  direct 
recording  of  weak  field  emission  currents.  The  generator  produces  pulses 
Of  varying  polarity  at  a  si„g,e  output  with  regulated  duration  and  amplitude 
The  amplitude  is  regulated  smoothly  from  0  to  20  kv  for  negative  pulses 
and  from  0  to  7  kv  for  positive  pulses  by  varying  the  anode  voltage  of  the 
switch  tubes.  Positive  and  negative  pulse  duration  is  controlled  by  varying 
the  starter  pulse  duration  of  a  two  channel  generator,  providing  220  v 
positive  pulse,  and  120  v  negative  pulse,  for  each  channel  a.  durations  from 
10  p.ec  to  10  msec.  The  high-voltage  negative  pulse  hid  a  rise  of  2  to  3  usee 
a  <  50  psec  drop  and  a  surge-free  peak  decaying  a.  a  rate  of  0.  015%  per  usee 
The  high-voltage  positive  pulse  had  a  1  msec  rise  and  drop  and  a  peak,  with 
8 urges, decaying  at  a  rate  of  0.005%  per  msec.  The  sensitive  circuitry  can 
recoru  weak  field  emission  currents  of  -lo'11  -  lo'12a.  Full  schematics 
are  given  of  the  pulse  generator  and  the  field  emission  current  recording 
circuit,  and  the  operating  characteristics  are  briefly  discussed  The 
apparatus  provides  a  refinement  in  measuring  high-voltage  field  emission 
'  urrents.  since  it  increases  the  current  measuring  range  by  7  or  8  orders. 


r/esyats,  G.  A.,  B.  M.  Koval'chuk,  and  Yu. 

F.  Potalitsyn.  A  method  of  obtaining  an 
cjectric_diBchargc  in  pas.  Author's  certificate, 

USSR  no.  3  56824,  published  February  20,  1970. 

(Otkr  izobr  ,  no.  32/72,  p.  171)  (Translation) 

A  method  is  introduced  of  producing  an  electric  discharge  in 
gas  by  application  of  potential  to  the  discharge  circuit  electrodes,  and 


discharge  initiation  by  an  electron  beam.  The  electron  beam  should  have 
sufficient  energy  for  the  electrons  to  cross  the  discharge  gap  to  expand 
the  discharge  zone  and  shorten  the  discharge  build-up  time. 


Bobylev,  V.  I.  ,  A.  M.  Kozodayev,  jNJ .  V. 

Lazarev,  V.  S.  Skachkov,  and  Yu.  B.  Stasevich. 
High-voltage  thyristor  generator  of  powerful 
pulsed  current.  PTE,  no.  4,  1972,  103  -106. 

A  thyristor  pulse  generator  is  described  which  develops  a 
powerful  pulsed  current  in  an  inductive  load  (Fig.  1).  The  generator 


Fig.  1.  Pulsed  current  generator. 

Capacitance,  C^,  is  from  30  condensers.  Rectifier 
groups  Bj  and  B2  are  .ssembled  in  series -parallel 

-  MP26B234D-  Tl  '  MPUlB'  T2  and  T3  - 


minimizes  the  difficulties  in  using  high-speed  charging  circuits  for 
capacitive  accumulators.  During  condenser  charging,  all  points  of  the 
winding  remained  practically  below  ground  potential  The  pulsed  voltage 
at  the  load  outputs  relative  to  ground  potential  was  reduced  by  50%,  in 
comparison  to  standard  battery  condenser  voltages,  and  was  applied  to  the 
winding  outputs  (relative  to  the  average  ground  points)  during  pulse 
operation  only.  Alternate  operation  of  the  high-current  thyristor  and  high¬ 
speed  charge  sources  of  the  capacitive  accumulator  (4.5  mf),  along  with  the 
regeneration  of  condenser  energy, produced  a  pulsed  current  of  20  ka,  0.7 
to  1  msec  duration,  and  a  frequency  of  several  Hz,  and  stabilized  battery 
condenser  voltages  with  an  accuracy  of  ±0.01%.  The  stability  of  pulsed 
current  amplitude  was  ±0.03%.  Experimental  results  were  in  good  agree¬ 
ment  with  theoretical  findings. 


Varfolomeyev.  A.  A.  ,  V.  A.  Bazylev, 
and  N.  K.  Zhevago.  Bremsstrahlung 
spectrum  of  ultrarelativistic  electrons 
in  a  dense  medium.  ZhETF,  v.  63,  no.  3, 
1972,  820-830. 


The  bremsstrahlung  radiation  from  high  energy  electrons  was 
investigated  in  a  dense  absorbing  medium.  Variation  of  the  electron  multiple 
scattering  constant  due  to  specific  energy  losses  resulted  in  higher  radiation 
suppression  than  the  usual  multiple  scattering  effect.  The  feasibility  is 
considered  of  separating  the  total  loss  of  ultrarelativistic  electrons  in  the 
absorbing  media  into  bremsstrahlung  and  direct  electron-positron  pair 
formation.  Expressions  for  the  bremmstrahlung  spectra  are  derived  with 
allowance  for  the  virtual  quantum  absorption,  ambient  polarization  and 
multiple  scattering  having  a  varying  constant.  Results  are  plotted  in  Fig.  I 
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enegrgies^eUa8dS'rahlUn8  '°5!  eleCtr°"a  "^various 

I  -  radiation  intensity  taking  into  account  the  effect  of  ™  a- 

WB"  a  "  radlatloj1.  mtensity  according  to  Bethe  -Heitler  6  1Um 

W  -  quantum  radiation  energy 
E  -  electron  energy. 

I,  H,  III  pc^J^^on^aPrs  eamT  Wems^cr afilung^ mation  of  electron - 
’  ’  "  "°rnaal  multiple  scattering  effect  along  with  virtual 

l<  2'  ( quantum  absorption  and  medium  polarization. 

’  ’  ^rla  °nS  lnLenergy  and  subsequent  multiple  scattering 

constant  on  the  coherent  length.  ® 

^  ^  “  calculated  results. 

For  electrons  with  energies  not  exceeding  1014  ev.  the  ambient  polarization 
e«ect  predominates  in  the  soft  quanta  region  toe  ,0'V'3  ev,  and  the  norma, 
multiple  scattering  effect  occurs  in  the  region  where  tc>  lo'V'3  ev  At  an 
energy  o,  ,0  ev,  the  effects  of  virtual  quantum  absorption  and  scattering 
]n-20  2*  varlatl°n  become  significant  in  the  frequency  region  108  ev  <  to  < 

E  ev,  and  polarization  in  the  medium  affects  quantum  radiation~wit~h 
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if 


requencies  10  ev  >  <0.  the  hard  quantum  region  to  >  lo -2°E2  ev  h 

the  normal  multiple  scattering  .«  .  8  U  E  ev>  however, 

■pie  scattering  effect  predominates.  The  effect  of _ _  , 

scattering  constant  variation  at  high  e'ectron  „  ■  P 

processes  consequently  results  in  t  0”  radiati°n 

in  the  quantum  frequency  region  JT"-"”  SUPPreSSion  °f  »remss,rahlung 

y  E1Q n,  expanding  rapidly  with  inpro^e  .  , 

energy,  ^  increase  in  electror 


Antonov,  G.  G.  ,  V.  s.  Borodin,  A.  I. 
Zaytsev,  and  F.  G.  Rutberg.  Problems 
of  investigating  heavy-e.irr^  ^-charge  in 

aJH£h_Eressure  chamber  T  ZhTF,  no.  10 
1972,  2121-2126. 


Plasma  ProPerties  were  investigated  from  a  heavy-current 

discharge  in  a  high  pressure  chamber  Th  /current 

Fig.  1  was  a  stainless  ,  ,  The  expe: rimental  device  shown  in 

stainless  steel  pulse  plasma, ron  designed  for  1500  atm.  The 
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Fig.  1.  Block  diagram  of  experimental  device. 

I  -  current  lead,  2  -  pasket-  x 
4  -  insulation,  5  -  electrodes  6  plasm?tr°“  frame, 
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ID  was  50  mm  with  a  65  mm  depth.  Electrode  (7  mm.  dia.  ,  tungsten  or 
copper)  spacing  varied  from  15  to  3  0  mm.  Hydrogen  was  the  working  medium, 
and  the  plasmatron  was  fed  from  condenser  batteries.  The  main  battery 
(capacitance  C  =  8-  10~3f  )  had  80  100  pf  ,  5  kv  condensers  and  the  auxiliary 
battery  used  34  pf  ,  10  kv  condensers.  The  plasmatron  was  connected  to 
the  source  through  dischargers  Rj  and  R.,  (Fig.  1)  and  operation  was 
synchronized  by  pulse  generators.  A  noninductive  coaxial  shunt  with  a 


ohm  was  used  to  measure  the  current.  Overall 


resistance  RgH  =  4-10"4 

inductance  and  active  resistance  of  the  batteries  and  input  circuit  were 
1-5x10  hand  10"  ohm,  respectively.  Voltage,  current,  temperature  and 
electron  density  were  measured  as  well  as  the  geometry  and  intensity  of 
discharge,  and  discharge  chamber  pressure. 


Fig.  2  shows  typical  discharge  voltage  and  current  oscillograms 


Fig.  2.  Discharge  current  and  voltage 
oscillograms . 

1  -  I  =  270  ka;  2  -  U  =  1420V;  p  ---  6  atm. 
Working  gas  -  H 2- 


With  limiting  values  of  1800  v  and  350  ka.  The  nonrectangular  racial  intensity 
distribution  characteristic  of  the  discharge  column  indicates  that  the  plasma 
die  not  radiate  like  a  black  body.  Measurements  based  on  recombination  and 
bremsstrahlung  spectra  reveal  that  the  electron  density  varied  in  the  range 
(2  to  4)- 10  cm  in  the  maximum  current  region.  The  electron  density  was 
determined  under  the  assumption  that  the  discharge  column  average  temperature 
was  (0.6  to  1).  10  °K.  At  such  temperatures  and  densities,  the  absorption 

coefficient  in  Hj  in  the  visible  region  did  not  exceed  (0.  5~3)/cm.  streak 
camera  pictures  indicate  that  the  discharge  was  stable  with  an  average  or 
optical  column  diameter  of  0.  5  -  0.6  cm.  A  constriction  was  noted  10-20  gSec 
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after  the  discharge  initiation  with  a  diameter  of  0.3 -0.4  cm  (Fig.  4) 


Fig.  3.  Streak  camera  picture  of  the  discharge. 

I  =  270  ka,  U  =  1420  v,  p  =  6  atm. 
a  -  6;  b  -  20;  c  -  1 5  0  p  s  e  c . 

The  constriction  remained  for  at  least  180  psec  but  did  not  cause  discharge 
destabilization. 


Chogovadze,  M.  Ye.  Quasilinear  relaxation 
of  a  monoenergetic  relativistic  electron  beam 
in  an  external  magnetic  field.  ZhTF,  no.  10, 

1972,  2022-2028. 

The  quasilinear  relaxation  of  linear  oscillations  of  a  mono- 
energetic  relativistic  electron  beam  were  investigated  in  a  confined  plasma 
in  the  presence  of  an  external  magnetic  field.  The  author  considers  a  system 
consisting  of  a  plasma -filled,  metal  waveguide  of  radius  R,  through  which 
the  monoenergetic  relativistic  electron  beam  passes  with  a  velocity  U  along 
the  waveguide  axis.  Dispersion  equations  are  formulated  for  the  axisymmetrical 
modes  of  electromagnetic  waves  in  the  system,  and  the  residual  magnetic  fields 
are  discussed  for  dense  »Q  ,  and  rare  (Q  >>0^)  plasma  (U>  -Langmuir 
frequency  of  plasma  electrons,  Si  -  Larmor  frequency).  It  is  noted°that  the 
quasil  lear  relaxation  of  a  monoenergetic  relativistic  electron  beam  in  a 
confined  plasma  in  the  presence  and  absence  of  an  external  magnetic  field  is 
significantly  inhomogeneous,  and  the  beam  decays  at  a  velocity  characterized 
by  Maxwellian  scattering  with  ail  anisotropic  temperatur  * . 
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In  a  weak  magnetic  field,  fty’1  <Re^k[r=(l  -u2/c2)1/2 
Reik  -  instability  increment],  conditions  and  results  are  similar  to  those 
of  a  plasma  with  no  magnetic  field.  The  steady-state  oscillation  energy 
in  such  cases  is  about  (n^/Zn,)1^3  of  the  initial  beam  energy.  In  a  strong 
magnetic  field,  Or  >  Rei^,  conditions  exist  for  hydrodynamic  beam 
instability  and  at  certain  conditions  [  (/.“  'A;')  > (L'-y-’/fRc* the 

quasilinear  relaxation  time,  the  temperature  and  the  steady-state  oscillation 
energy  in  the  dense  as  well  as  rare  plasmas  are  strongly  dependent  on  the 
external  magnetic  field.  The  steady-state  energy  of  quasilinear  oscillation 
relaxation  in  a  dense  plasma  differs  from  that  in  a  rare  plasma  only  by  a 
numerical  factor. 


Kolomenskiy,  A.  A.,  and  I.  I.  Logachev. 

Problems  on  the  theory  of  ion  acceleration 
by  electron  beam  scanning.  IN:  2-go  Vses. 
soveshch.  po  uskoritelyam  zaryazhen.  chastits, 

1970.  T.  1.  Moskva,  nauka,  1972,  204-206. 

(RZhElektr ,  12/72,  no.  l2A383)(Translation) 

Particle  dynamics  are  discussed  during  scanning  by  electron 
beams  charged  with  ions.  The  collective  ion  accelerator  containing  the 
electron  beam  scanner  consists  of  an  electron  gun  and  focusing  and  deflecting 
systems.  Electron  beam  scanning  was  done  by  magnetic  or  electrical 
rotating  systems,  with  parameters  selected  from  optimum  accelerating 
conditions.  Computer  calculations  show  that  ion  motion  during  angular  beam 
displacement,  within  30°  limits,  occurred  in  a  near-parallel  forward  scanning 
direction, accompanied  by  a  negligible  thermal  ion  velocity  effect  on  the 
motion  characteristics.  At  an  8  ka  electron  beam  current,  the  maximum 
ion  acceleration  energy  would  be  200  Mev. 


Lavrovskiy,  V.  A.  ,  I.  F.  Kharchenko, 
and  Ye.  G.  Shustin.  Single-mode  inter¬ 
action  of  a  plasma-beam  discharge  in  a 
turbulent  regime.  ZhETF  P,  v.  16,  no.  11, 
1972,  602-606. 


Transient  characteristics  in  a  high  frequency  beam-plasma 
system  are  analysed.  The  characteristics  were  measured  during  a  time  interva 
much  shorter  than  the  normal  time  of  discharge  parameter  variations. 
Measurements  were  made  in  a  plasma-beam  discharge  in  hydrogen  during 
steady  injection  of  a  l  kev  electron  beam  at  currents  of  20  to  40  ma. 

_7 

Distribution  functions  were  determined  during  the  application  of  a  2.5x10  sec 
duration  sawtooth  voltage  on  an  analyzer  with  a  delay  potential.  The  time 
structure  of  HF  oscillations  was  fixed  at  a  time  interval  equaL  to  10  sec.  The 

measurement  circuit  operated  in  a  single  triggering  regime  at  random  times. 

A  typical  statistically  analyzed  oscillogram  of  E(t)  is  given  in  Fig.  1. 


Fig.  1.  Typical  oscillogram  of  HF  field  E(t), 
running  phase  of  oscillation  ^ (t) ,  and  instantaneous 
frequency  of  quasi -harmonic  inclusions  f(t). 


Quasi-harmonic  inclusions  and  sharp  oscillation  phase  changes  arc  evident 
in  the  *(t)  curve.  The  f(t)  curve  indicates  that  oscillations  mainly  occur 
in  four  frequency  zones:  530;  580-590;  630-640;  and  750-760  MHz,  which 
apparently  alternate  randomly  with  time.  The  duration  of  the  quasi-  harmonic 
inclusions  is  short:  (5-10)xl0  ^  sec.  Frequency  retuning  is  usually  followed 
by  phase  discontinuities  of  70  to  180°. 

Addition  of  the  duration  of  separate  frequency  components 
yields  values  characterizing  the  probability  distributions  of  the  frequency 
excitations.  Electron  beam  interactions  with  plasma  appear  to  be  coherent, 
although  the  average  spectra  indicate  the  interactions  to  be  stochastic.  The 
average  characteristic  of  HF  oscillations  and  beam  conditions  conceal  the 
natural  interaction  characteristics.  The  author  suggests  that  the  rapid  retuning 
frequency  oscillations,  resulting  in  the  stochasticity  of  the  system  average 
characteristics,  is  due  to  the  oscillation  instability  of  separate  frequencies 
owing  to  low  frequency  oscillations;  the  relation  of  various  normal  modes; 
or  the  excitation  of  satellite  spectra  from  periodic  oscillations  of  bunches 
in  the  potential  well  of  an  excited  wave. 


Levin,  V.  M.  ,  V.  V.  Rumyantsev,  K.  P. 

Rybas,  and  B.  N.  Tclepaycv.  Electron 
gun  for  obtaining  intense  electron  beams 
IN:  1  r.  2-go  Vses.  sovcshch.  po  uskoritelyam 
zaryazhen  chastits,  1970  T.  1.  Moskva.  Nauka, 

1972,  92-94.  (RZhElektr .  12/72.  no  12A385) 

(Translation) 

Standard  Pierce  optics  permits  the  generation  of  an  electron 
beam  with  a  pcrvcance  of  <  3xlO*6  A/H3/2.  Reducing  of  the  anode  aperture 


by  grid  method,  can  increase  tht  perveance  value  significantly  A 
compressed  porous  nickel-oxide  cathode  with  a  spherical  emitting  surface 
-nd  a  50  mm  diameter  was  developed.  At  a  temperature  of  970°  C  the 
emission  current  density  in  a  space  charge  regime  was  110  a/cm2;  the 
cathode  heating  power  up  to  this  temperature  w..  500  w.  The  electron  gun 
reached  a  maximum  pervcance  of  llxlO'6  A/B3/2  even  at  a  200  kv  voltage  and 
a  1  ka  current.  The  authurs  conclude  that  it  is  feasible  to  produce  a  dual- 
electrode  gun  with  a  gridded  anode  at  current,  to  A  ka,  a  pulse  duration  to 
0. 1  msec,  a  duty  cycle  of  2*  10  ,  and  voltages  to  3000  kv. 


Yakushev.  V.  P.  ,  and  A.  N.  Serbinov. 

Stable  operating  conditions  for  high-voltage 
accelerator  tubes.  IN:  Tr.  2-go  vses. 
soveshch.  po  uskoritelyam  zaryazhen. 
chastits.  1970.  T.  1.  Moskva.  Nauka,  1972, 

86-88.  (RZhElcktr,  12/72,  no.  12A380) 

(T  ranslation) 

The  volt-ampere  character,. tic.  of  high -voltage  accelerating 
tube,  were  analyzed.  A  method  for  calculating  .tabillty  limit,  wa.  verified 
u.ing  an  inclined-field.  200  kv  tube.  The  tube  ha.  four  accelerator  gap. 
a  480  mm  active  .cctlon  length,  and  20  mm  d.amctcr  electrode  aperture. 
The  optiml.tic  .lability  limit  wa.  49  kv.  the  pe..imi.tlc  limit  wa.  109  kv 
and  the  experimental  limit  wa.  75  kv.  The  ..ability  limit,  were  determined 
for  individual  tube  .cctlon..  Stability  diagram,  are  given  for  EC-1  and 
EG-2.  5  accelerator  tubes. 


1 


Meskhi,  G.  O. .  and  B.  N.  Yablokov. 

Electron  gun  with  a  cold  emission  cathode. 

IN:  Tr.  2-go  Vses.  sovcshch.  po  uskoritelyam 
zaryazhcn.  chastits,  1970.  T.  I.  Moskva.  Nauka, 
1972,  90-92.  (RZhElektr,  12/72,  no.  12A364) 
(Translation) 


An  equivalent  electron  gun  circuit  for  generating  nanosecond 
pulses  is  analyzed.  Glycerin  was  used  .»  an  insulating  medium  in  the  ESU-1 
accelerator,  designed  for  voltages  up  to  3  Mv  and  30  ka  pulsed  currents. 

The  high-voltage  insulator  served  as  an  impedance  match  from  the 
glycerin-filled  coaxial  line  to  a  vacuum  coaxial  line.  The  use  of  a  dielectric 
with  high  permittivity  and  a  sufficiently  high  su.ceptance  .void,  insulator 
sectioning  and  simplified  the  design.  The  proposed  electron  gun  structure 
permit,  controlled  spacing  between  the  cathode  and  anode,  and  varying  of  the 
number  of  tungsten  needle  cathodes. 


Grishayev,  I.  A..  A.  N.  Dovbnya.  and  V.  V. 

Petrenko.  A  method  for  obtaining  bunches  of 
charged  particles  in  linear  accelerators. 

Author's  certificate.  USSR.  no.  322138,  published 
March  27,  1972.  (RZhElektr,  12/72,  no.  12A397  P) 

(T  ranslation) 

A  method  was  developed  for  generating  charged  particle  bunche 
in  a  linear  accelerator  using  an  HF  transverse  field  with  a  frequency 
identical  to  that  of  the  accelerated  field.  After  passing  through  the  HF  field, 
the  particle  bunch  is  inject-d  into  a  longitudinal  magnetic  field  to  reduce  the' 
phase  spread.  Bunch  magnitude  and  length  are  selected  so  that  the  particle 
path  difference  at  the  magnetic  field  outlet  is  equal  to  the  bunch  initial  length 
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Kazanskiy,  L.  N. ,  A.  A.  Kolomcnskiy, 

G.  O.  Mcskhi,  and  D.  N.  Yablokov.  A 
heavy-current  dirert -action  electron  p.i.,, 
accelerator.  IN:  2-go  Vses  soveshch.  po 
uskoritelyam  zaryazhen.  chastits,  1970. 

T.  1.  Moakva,  nauka.  1972,  95-77.  (RZhElektr. 
no.  12A384)  (Translation) 

A  model  electron  pulac  accelerator  (ESU-O)  at  600-800  kev 
bail,  ,o  .c.  .he  principle,  of  the  ESU-1  accelerator  a.  F1AN.  Model  line 
wave  impedance  wa.  ,he  ..me  a.  ,he  ESU-1  a.  7  ohm..  The  external  line 
wa.  commutated  by  a  .park  gap,  filled  with  nitrogen  a.  7  atm.  The  ESU-O 
mode!  wa.  u.ed  for  te.tlrg  variou.  type,  of  .park  gap.,  pul.e  di.tor.lon., 
pu  »e  transformer,  and  electron  gun  deign..  The  electron  .ource  wa.  1 
to  S  tungsten  needle.,  having  a  0. 1  mm  tip  radiu.  and  fabricated  by  electro- 
ytlc  poli.hing  of  2-3  mm  diameter  wire..  Model  parameter,  were-  beam 

energy  „  outlet-0.  8  Mev.  pul.ed  beam  current  -  k«.  pul.e  duration  -  35  n.ec 

and  single  pulse  operating  mode. 


Bondarenko,  B.  V..  V.  I.  Makukha.  and 
A.  S.  Gaydarov.  Investigating  knifr-oH^ 
field  emitters  of  disc-like  form.  RiK, 
no.  12,  i972,  2634-2637. 

Field  emission  from  tantalum,  niobium  and  copper  disc- 
.haped  knife-edge  cathode,  wa.  tested.  The  50  p  foil  di.c.  were  electro- 
c hemic  ally  etched.  The  cathode,  were  shaped  by  UK  current  hardening  in 
vacuum  under  the  .imul.aneou.  effect  of  an  electric  field  „„h  rever.e  polarity 
(high  positive  voltage  to  the  di.c-ca.hode,  negative  voltage  to  the  anodel. 
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The  dl.c.  were  heated  to  600°  C  at  pre..urc.  of  3-  Sale'6  tore  during  thi. 
•  tage.  b 


Surface -processed  specimenr  were  placed  in  test  diodes 

(F  .gM)  to  examine  field  emU.ion  current.,  .tea, dual  ga.  was  maintained  at 
torr  after  evacuating  and  gettering. 


M  \ 


Fig.  1.  Test  diodes,  a  -  ceramic 
b  -  Kovar-sealed  anode.  1  -  cathod. 
2  -  anode,  3  -  molybdenum  inlet, 

4  -  shaped  bolt,  5  -  coupling, 

6  -  ceramic  material,  7  -  cylinde 


The  volt-ampere  characteristics  i(u)  of  the  knife-edge  field 
emttter.  are  plotted  in  Fig.  2  using  the  customary  coordinates.  Ig  <i/u2,  v6 
(10  /u).  Disc  diameter  was  13  mm,  and  electrode  spacing  was  0.  5  mm  A 

steady-state  mode  current  of  100  pa  was  generated  at  voltages  of  5  kv  (tantalum), 
6  kv  (niobium),  and  7  kv  (copper) 
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Fig.  2.  Volt-ampere  characteristics  of  knife- 
edge  field  emitter  current.  1  -  tantalum, 

2  -  niobium,  3  -  copper. 

The  cathode  field  emission  was  unstable  with  time  and  nonuniform  along 
edge  boundaries  for  all  three  cathodes;  this  was  particularly  evident  in  the 
copper  cathode,  which  underwent  a  current  drop  from  100  to  20  pa,  after 

a  5  minute  operating  period.  Fig.  3  shows  emission  effects  on  two  of  the 
three  tested  metals. 

Results  indicate  that  flau-ning  of  the  edge  curvature  did  not 
occur  bu*  many  microhardness  or  fie'd  emission  centers  developed.  The 
edge  curvature  dispersion  should  be  minimized,  by  using  single  crystal 
materials  for  the  edges  or  reducing  nonuniform  recrystallization,  to  generate 
substantial  field  emission  currents  from  tantalum  and  niobium  emitters.  Owing 

to  its  low  strength  and  high  work  function,  copper  is  an  unsatisfactory  material 
for  disc  emitter  cathodes. 
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Lazarenko,  B.  R.,  and  N.  I.  Lazarenko. 
Plasmoids  -  a  powerful  technological 
ff^ctor^  EOM,  no.  5,  1972,  3-8. 


Plasma  generation  from  short  electric  pulses  is  reviev  ed 
Three  cases  of  electric  spark  discharge  are  considered:  1)  the  electrode 
Seometrtca.  axes  are  col, inear:  2,  the  axes  are  at  an  angle:  and  3,  the  axes 
parallel.  Fig.  1  shows  an  exterior  view  of  a  discharge  in  the  first 

wifh  collf'Tr °f  a  Spark  diSchar8e  between  electrodes 
lTn  ^°Uinear  geometrical  axes.  Pulse  duration  = 

100  psec,  current  =  2000  a. 

case,  whose  features  are: 

with  tha,  of  1  I  th7,irOCti°"  °f  the  eUct-de  ~‘«l.l  vapor  jet  coincides 
electron  beam  motion  and  has  a  common  geometrical  axis. 

su  f  ,  ,  ^  'he  beam  m°VeS  “  “  S,^ai8h,  impacts  a  solid  -n«al 

ace  (anode),  and  penetrates  it  without  changing  the  axis  of  motion. 

bv  th  •  ,  ,  the  P'asma  cenerated  from  the  8 Park  discharge  is  confined 

tI  a  "  gap  and  t0UCheS  the  elec,r°de  surface  a,  both  ends 

e  discharge  channel  and  metal  vapor  jet  for  the  second  case  is  shown 
in  Fig.  2. 


Scan  of  a  spark  uiccharge 
with  geometrical  ?xes  at  Q0°  angles 
current  =  2000  a. 


between  electrodes 
.  Maximum 
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Distinctive  features  are: 


a)  The  electron  beam  movement  axis  is  a  curved  line. 

b)  The  trajectory  of  the  electrode  material  vapor  jet  did 
not  coincide  with  that  of  the  discharge  channel.  The  observed  flares 
of  electrode  material  vapors  had  no  part  in  conducting  current. 

c)  The  discharge  plasma  could  partially  deviate  from  the 
discharge  channel  trajectory. 

d)  The  electron  beam  touched  the  electrode  surfaces  at 
both  ends  during  the  full  pulse  duration. 

The  third  case  (parallel  electrodes)  of  an  electric  discharge 
results  in  plasmoids  or  toroidal  energy  bunches  moving  at  a  high  velocity 
(Fig.  3).  The  authors  cite  the  early  experimental  work  ol  Bostik  ( Problemy) 


Fig.  3.  Photo  sequence  of  energy  bunch  emission 
from  a  plasmoid  generator.  Speed  =  5000  frames/sec. 


Vsovremennoy  fiziki,  1958,  no.  3)  using  two  parallel  electrodes.  When  a 
current  pulse  of  0.  5  psec  duration  and  a  few  thousand  amperes  amplitude 
was  excited, plasmoids  were  generated  moving  at  a  velocity  of  190  km/sec. 
Plasmoid  properties  are  summarized,  including  the  capacity  of  freely 
passing  through  magnetic  fields,  surviving  mutual  collisions,  and  behaving  as 
an  independent  electrical  system.  They  can  be  stretched  into  cy  inders, 
twisted  into  coils,  formed  into  loops,  and  be  interlaced.  Plasmoids  are 
very  effective  in  technological  processing,  especially  when  the  treated 
specimens  are  not  components  of  the  electric  circuit. 
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Grishayev,  I.  A.,  V.  D.  Krasnikov,  and 
T .  F.  Nikitina.  Method  of  phasing  the 
accelerating  sections  of  a  linear  accelerator. 

Author's  certificate,  USSR,  no.  3  28531, 
published  April  3,  1972.  (RZhElektr,  12/72, 
no.  12A395  P)(Translation) 

A  method  is  suggested  for  phasing  the  accelerating  sections 
of  a  linear  accelerator  by  using  a  phase  inverter.  To  increase  phasing 
accuracy,  an  alternating  phase  change  of  the  accelerating  section  voltage 
is  made  using  ?n  auxiliary  phase  inverter.  After  detection,  the  accelerating 
voltage  pulses  at  the  phasing  section  outlet  are  compared  on  the  basis  of 
amplitude.  The  phase  of  the  accelerating  section  voltage  is  regulated  by  the 
resulting  difference  signal. 


Abu-Asali,  Ye.,  B.  A.  Al’terkop,  and  A.  A. 

Rukhadze.  Non-linear  ion  oscillations  in 
plasma,  excited  by  current.  ZhETF,  v.  63, 
no.  4,  1972,  1293-1299. 

The  work  continues  that  of  two  of  the  authors  (Al'terkop 
and  Rukhadze, ZhETF,  v.  62,  1972,  989  and  1760)  on  the  nonlinear  oscillation 
development  stage  of  the  audio  component  in  an  ion-acoustic  instability 
spectrum  of  a  dense  non-isothermal  (Te»Tj)  current-carrying  plasma.  The 
authors  investigated  shortwave  ion  Langmuir  oscillation  instabilities  for 
conditions  of:  1)  a  rarified  weak-coiiision  plasma,  when  the  oscillation  buildup 
is  due  to  the  electron  Cerenkov  effect;  and  2)  frequent  oscillations,  when  the 
instability  is  caused  by  inverse  conductivity  and  plasma  electron  diffusion. 


Equations  are  derived  for  the  ion-acoustie  instability  theory  of  a  non- 
tsothermal  current-carrying  plasma.  The  time  evolution  of  the  amplitude 
of  a  linear  unstable  wave  is  studied  up  to  the  saturation  stage.  It  is 
shown  that  under  the  conditions  considered, the  nonlinear  shift  in  excitation 
wave  frequency  is  an  efficient  mechanism  for  restricting  amplitude  growth. 


Voronkov,  R.  M.  ,  V.  A.  Danilichev,  B.  Yu. 
Bogdanovich,  and  V.  F.  Gass.  Experiment,  1 
study  of  field -emission  gun  parameters  iN; 
Tr.  2-govses.  soveshch.  po  uskoritelyam 
zaryazhen.  chastits,  Moskva,  Nauka,  v.  1, 
1970,  126-127.  (RZhElektr,  12/72,  no.  12A355) 
(Translation) 


A  field-emission  gun  is  described  and  gun  measurement 
parameters  are  given.  The  gun  is  intended  for  the  injection  of  3  0  to 
40  phase  length  and  300  to  400  kev  electron  bunches  into  an  accelerator 
section  a,  a  constant  phase  velocity  equal  to  the  speed  of  light,  and  an  SHF 
field  intensity  of  -100  kv/cm.  The  resonator  is  designed  for  a  16  5  cm 
wavelength.  The  tungsten-wire  emission  cathode  is  fixed  in  the  resonator 
such  that  a  direct  current  will  heat  it  to  1000°--  2000°  C.  The  6  to  10  u 
radius  of  curvature  points  were  prepared  by  electrochemical  etching  in  a 
0%  KOH  solution.  A  curve  of  variations  is  given  for  the  focused  magnetic 
le  intensity.  A  relationship  is  formulated  for  beam  current  and  average 
e  ectron  energy  as  a  function  of  input  SHF  power. 
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Persiantsev,  I.  G.  ,  V.  D.  Pis'mennyy, 

A.  T.  Rakhimov,  and  A.  N.  Starostin. 

Radial  distribution  of  fast  electrons  in  a 
Z-ymch.  ZhETF  P,  v.  16,  no.  2,  1972, 

68-72. 

The  mechanism  of  charged  particle  acceleration  in  powerful 
pulsed  discharges  in  a  rarified  gas  was  investigated  based  on  the  radial 
distribution  of  fast  electrons  in  a  Z -pinch.  The  experimental  device 
parameters  similar  to  the  setup  described  by  Koval'skiy  (ZhETF,  38,  i960 
1439),  were:  C  =  60  pf;  Vo  =  40  kv;  1^  =  500  ka;  and  pulse  duration  = 

~  20  psec.  The  working  gas  was  hydrogen  at  a  pressure  of  3xl0_2  torr, 
purified  through  a  palladium  filter.  The  alundum  chamber  ID  was  20  cm, 
and  chamber  length  was  80  cm.  The  anode  was  a  1.  5  mm  thick  copper 
electrode  with  a  central  diameter  of  80  mm.  A  1  mm  thick  plexiglass  shield, 
covered  with  a  thin  terphenyl  film  and  protected  against  plasma  emit  non  and 
electrons  below  100  kev  by  a  45  p  thick  aluminum  foil,  was  placed  near  the 

anode.  Shield  luminescence  was  simultaneously  recorded  and  photographed. 
Results  were : 

1.  generation  of  fast  electrons  (above  100  kev)was  observed 
only  after  a  series  of  preliminary  discharges  and  not  at  all  at  the  least 
indication  of  gas  contamination;  this  generation  lasted  for  60  to  150  nsec, 
and  begins  and  ended  in  all  emission  zones  simultaneously  (within  ~10  nsec). 

2.  The  fast  electron  distribution  along  the  discharge  chamber 
cross-section  was  characterized  by  a  large  diversity  for  each  discharge;  it 
occupied  an  area  of  from  a  fraction  to  several  cm?  and  usually  had  approximate!; 
the  same  intensity  within  the  limits  of  each  distinctly  defined  injection  zone. 


fi 


-133  - 


I 


Photographs  and  microphotograms  of  a  perforated  anode 
are  shown  in  Figs.  I  and  2, respectively.  A  theoretical  explanation  of  the 
experimentally  observed  phenomenon  is  presented.  Theoretical  and 
experimental  results  are  in  good  agreement. 


Fig.  1.  Photographs  of  perforated  anode  in  a  fast 
electron  beam. 


Fig.  2.  Microphotograms  along  A -A  and  isolines 

of  even  darkening  for  (a)  and  (b)  conditions  of 

Fig.  1.  _ _ 

I  Reproduced  from 
best  available  copy. 


Danilov,  V.  N.  Quasi-one -dimensional 
solution  to  equations  for  a  high-current 
electron  beam.  ZhPMTF,  no.  4,  1972, 
47-56. 


Based  on  a  one-dimensional  solution  to  equations  for  an 
axisymmetrical  double -flow  beam,  adiabatic  r  pproximations  are  derived 
which  describe  the  effect  of  a  weakly-inhomogeneous  magnetic  field  on  a 
steady-state  quasi-neutral  beam.  Tubular  and  beam  configurations 
are  discussed,  which  are  confined  near  the  axis  at  critical  current  and  above. 
Results  show  that  in  strong  external  fields  at  the  cathode,  —  1.7  (x/a) 
koexcm,  and  high  currents  J  ~  (Rk/a)  8.5  ka  (where  x  -  relativistic  factor, 
a  -  beam  thickness,  Rk  -  cathode  radius),  the  beam  takes  on  a  tubular  form 
with  a  thickness  a  «  Rk>  During  smooth  extraction  from  the  external  field, 
the  beam  structure  changes  only  slightly  compensated  by  self-fields, 
commensurate  with  Bk<  By  decreasing  the  current  J~  8.5  x  ka,  it  is  possible 
to  generate  a  drifting  beam,  in  which  practically  all  the  linear  energy  density, 

*  (R/a)  joule /cm,  results  from  lateral  oscillations  and  compares  with  the 
heavy-current  beam  energy  density.  Beam  drift  is  destroyed  at  fields 
substantially  lower  than  1.7  (x/a)koe.  Beam  passage  through  a  diaphragm 
increases  the  oscillating  energy.  Further  external  field  gains  in  low-current 
beams  make  it  feasible  to  adiabatically  convert  forward  and  rotational  energy 
into  oscillating  energy.  At  a  weak  external  field  Bk~  l.  7  (  x  /Bk)  koe  x  cm,  the 
beam  is  narrow  and  tubular  with  a  low  oscillation  energy,  if  passed  through 
the  diaphragm  at  a  narrow  angle  to  the  external  field.  The  cold  beam  radius 
significantly  increases  with  withdrawal  from  the  external  field.  The  external 
field  required  to  localize  the  laminar  beam  at  a  radius  R  is  l.  7  (  x  /R)  koe  x  cm 
and  the  total  current  is  *M8,  5  ka,  proportional  to  the  number  of  laminations 
M. 

A  high  current  is  vital  to  produce  the  conditions  discussed.  A 
decrease  of  the  relativistic  ftctor  x  and  a  proportional  change  of  current  does 
not  affect  the  beam  structure. 
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Ginzburg,  V.  L.  Electron  acrrlP»>n. 
with  laser  undulate  a.  an  x.ray  Bnnt,_ 

KSpF ,  no.  2,  1972,  40-44. 

n,™  K  •  Th'  Pr°blem  oi  8enerating  powerful,  directed,  polarized  and 

monochromatic  x-radiation  u.ing  laaer  undulator.  i.  analyzed  A  ,v.J 

formula  is  given  supporting  the  feasibility  of  v  ^  ** 

by  accelerated  W  t  «»«bil.ty  of  x-ray  generation  in  undulatora 

by  laaer  d  ,  ° “  (2°‘5°  Mev>'  The  “earn  *■  modulated 

lizh  a  t  and  th°  «»  -  —er  aimilar  to 

light  scattering  on  moving  electrons  Fxnr».eoi 

radiation  energy  and  the  amplitude  o'f  electrol "“!«  7  T'^  ‘h'  *°,al 

formulae  derived  for  aland  L  a  ,  r0"  °ec‘"at,on.  by  applying  aimpU 

compared  to  an  electril  or  “  '°  ^  -viator. 

double  and  th  d  1  maene“C  Undu,a,or-  th«=  amplitude  i. 

aouble  and  the  radiation  intensity  is  4  timna 

IZIIT::.  Ta'T‘ u,ing  the  meth°::: 

can  he  generated  ZT*  ‘T  ' hi8h  —ST  accelerator. 

energy  beam  A,  h  h  ^  mCreaainB  CU”C"‘  to  the  low 

gy  m.  At  a  high  energy  accelerator  current  of  ~10"4  a  the  low 

energy  accelerator  current  ahould  be  on  the  order  of  ,a.  The  J.  f  hT.vy- 

ci  rrent  accelerator,  i.  augge.t ed.  making  i,  fea.ible  to  generate  pul.ed 
current  densities  up  to  108  a/^m2  a  ,  generate  pulsed 

earlier  (Feb.  ,973  Lpor,  U8,  ' 


Zav  yalov,  M.  A.  Breakdown  conditions  in 
powerful  plasma  sources  of  electrons  £OM 
no.  4,  1972,  56-61. 


Causes  of  breakdown  in  powerful  . 

are  analyzed,  auch  ...  i„Crea.ed  neutral  ga.  preaaure  JtheT  "TT' 
breakdown  of  the  operating  ga.  from  the  ga.-diacharge  source-  dVcZrge  ^ 
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metal  vapors,  impinging  in  the  accelerating  gap  during 
-•atment;  and  subsiding  of  a  portion  of  the  electron  beam 
ode.  The  experimental  device  (Fig.  1)  consisted  of  a  "duo 
gas-disch?  ge  plasma  source,  insulator-mounted  in  the 


Total  beam  length  i.  ~1  m,  and  the  beam  diameter  clo.e  to  the  electrode 

Te“  P1-'""-”'  in  both  chamber,  were  varied  from  btlO-5  to 
3x10  torr  by  admitting  air  or  argon  through  an  orifice. 

Based  on  a  mode!  device,  fundamental  parameter,  were 
estimated  for  various  mejal.  (Fe,  Cu,  Ni,  Ta.  Ti)  at  30  kv  and  a  power 
density  of  =  10  ,/cm' 2  (T  able  1).  Verif.cation  test,  were  m.oe  ustng  a 

Table  l 

parameter,  at  a  specific  power  of 


Element 


I.» 

•••I#**. 

r\  »k 

«r»).  Tori 

7.6 

V» 

-2000 

90 

7.0 

4.71 

—  2600 

43 

7.7 

4.06 

-2200 

28 

6.8 

5.97 

-2600 

7.4 

7,7 

7.41 

—  4500 

10 

i 


plasma  electron  source  with  an  extracting  system  design  similar  to  the 
mode,  used  for  calculations.  The  result,  were  found  to  be  in  good  agreement 
w  calculations.  The  test,  show  that  a  plasma  gun,  developed  with  various 
extracting  system,  and  an  electron  beam  formation  power  to  90  kw.  could 
work  without  gas  evacuation  from  the  intermediate  clu  mber  and  under  conditions 
of  melting  and  evaporation  of  tungsten  and  niobium,  assuming  the  processing 
chamber  pressure  doe.  not  exceed  (1-5H0"1  torr,  and  the  beam  loss  at  the 
anode  doe.  not  lead  to  discharge  formation  in  the  anode  metal  vapor.  The 
allowable  electric  field  intensity  in  the  acceleration  gap  of  the  plasma 
electron  gun  under  operating  condition,  is  100  kw/cm  During  high  pressure 
gas  tests,  no  appreciable  deformation  and  destruction  was  observed  in  the 
system  from  ion  bombardment  of  the  source  housing  (made  of  standard  steel 
and  water-cooled).  The  author  conclude,  that  the  feasibility  of  plasma  electron 
source  operation  at  pressure,  to  10°  torr  probably  will  lower  the  demand, 
placed  on  vacuum  systems,  thereby  simplifying  ,he  design  problem,  of 
processing  assemblies. 
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5.  Material  Sciences 


A.  Abstracts 


Fremel',  T.  V.,  R.  y.  Torner,  L.  M. 

Luk'yanova,  and  L.  A.  Flekser.  Failure 
of  high-pressure  polyethylene  in  an 
[insulator]  element.  MP,  no.  5,  1972, 

935-936. 

Cracking  of  cable  insulation  made  of  high-pressure  polyethylene 
was  studied  experimentally,  to  determine  the  service  life  of  polyethylene 
products.  Ring-shaped  specimens  were  subjected  to  100-140  kg/cm2  bending 
stresses.  Failure  of  these  prestressed  specimens  occurred  at  20-80°  C 
in  a  surface-active  medium  under  conditions  of  stress  relaxation.  Micro¬ 
graphs  of  the  cracked  surface  revealed  a  cracking  dependence  on  crack 
formation  conditions.  Many  cold  drawing  areas  were  observed  on  the  cracked 
surface  after  accelerated  testing  of  a  specimen  having  a  service  life  of 
several  hours.  One-year  service  life  specimens  exhibited  cracking  patterns 
typical  of  the  brittle  fracture  of  amorphous  plastics,  with  sharply-defined 
mirror-like  and  roughness  areas.  The  mirror-like  area  expanded  with 
increased  life-time  and  covered  the  entire  crack  surface  after  5-6  years. 

It  was  concluded  that  cracking  of  a  polymer  manufactured  article  in  service, 
under  conditions  of  relaxation  of  an  initially  small  stress,  features  slow 
crack  propagaiion,  with  complete  elimination  of  rapid  cracking  (roughness 
areas).  Electron  micrographs  of  crack  surface  replicas  and  raster  micro¬ 
graphs  revealed  surface  layer  deformation  concurrent  with  brittle  fractures 
and  micronecks  uniformly  distributed  over  the  entire  smooth  area  of  a  crack 
surface.  Crack  propagation  from  the  middle  to  the  end  of  growth  consequently 
proceeds  according  to  the  same  mechanism:  a  material  orientation  in  a 
crack  front  and  disruption  of  micronecks  joining  the  crack  edges.  The 
micronecks  were  not  observed  on  a  crack  surface  formed  under  near¬ 
equilibrium  conditions  in  5-6  year  service  life  specimens. 


Korolev,  V.  P.  ,  M.  V.  Nikulin,  V.  N. 
Uvarov,  and  G.  Ye.  Chernenko.  Measuring 
heat -insulating  materials  ablation  using 
loaded -shell  strain  data.  MP,  no.  5,  1972, 
824-828. 


A  simple  and  practical  method  is  described  for  determining 
ablation  and  the  Load  -carrying  layer  boundary  of  a  loaded  shell  subjected 
to  erosion  and  thermal  decomposition.  The  method  is  based  on  strain 
measurements  and  Loads  applied  to  the  shell  surface.  Application  of  the 
method  does  not  violate  the  struc'ural  integrity  and  gives  ablation  character¬ 
istics  data  of  increased  accuracy.  The  strains  and  c2  in  the  axial  and 
circular  directions  and  the  angle  of  shear  are  measured  by  strain  gauge. 
Pressure  sensors  and  dynamometers  measured  applied  stresses  T^  and 
in  axial  and  circular  directions  and  the  shear  tensor  S.  Thermal  stresses 
^1T  an<^  ^2T  are  ca^cu^a*-e^  using  the  elasticity  coefficients  Bj^  and  shell 
coefficients  of  thermal  expansion  without  thermal  shear  (ST  =  O).  The 
rigidity  matrix  C  of  a  statii  ally  defined  and  symmetrically  loaded  shell  at 
a  time  t  is  given  by 

T+Tt 

C~T—  (i) 

where  T,  T,^,  and  E  are  the  applied  loads,  thermal  stresses,  and  strain 
matrices.  The  relationship  A6  =  -  6T  defines  the  ablation  layer  thickness, 

where  and  6T  are  the  initial  and  running  shell  wall  thicknesses.  For  a 
cylindrical  shell  of  n  orthotropic  layers 


6(t)  = 


T+n 

Eli 


(2), 


where  B  is  the  elastic  coefficient  matrix;  and  for  a  single -layer  orthotropic 


shell 


Mr)  ^_PZ  +  T2t 

^22Ej  +  B|2e|  * 


The  method  was  verified  experimentally  using  cylindrical  fiberglass  reinforced 
plastic  models  in  high-velocity,  high-temperature  (1800-2300°  K)  gas  flow. 
Model  characteristics  and  gas  flow  parameters  are  tabulated.  Temperatures 
were  measured  at  variou  depths  in  the  wall  cross-section.  The  experimental 
data  (Fig.  1)  show  that  initially  shell  rigidity,  hence  6T,  decreases  sharply, 
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Fig.  1.  Experimental^  =  6/6Q 
data  for  (a)  single-layer  shell, 

(b)  a  shell  with  carbonized  surface 
layer,  and  (c)  double-layer  shell. 
All  shells  are  of  glass -reinforced 
plastics.  Curve  1-6  ,2-6 

ttr  _  ' 


and  the  destruction  process  subsequently  stabilizes  rapidly  in  At  <i  sec>  -j-he 
theoretical  position  of  the  load -carrying  layer  boundary  coincides  satisfactorily 
with  the  direct  measurement  and  thermal  state  measurement  data.  The 

described  method  is  recommended  for  evaluating  the  destruction  characteristics 
of  thermal  insulation  coatings. 


CVsyannikov,  V.  M.  Effective  cross-section 
method  of  calculating  radiation  and  absorption 
selectivity  of  a  hot  gas.  ZhPMTF,  no.  5.  197 


Fig.  1.  Diagram  of  radiation  transfer 
in  a  three-dimensional  space  (a)  and  in 
a  two-dimensional  layer  (b):  CO-  solid 
angle,  9  -  angle  between  ray  direction 
and  the  normal  ej  to  a  given  area;  r, 

(k)  -  a  point  at  the  radiating  volume 
boundary. 
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consists  of  two  integration  steps:  (1)  integration  over  X  of  the  S,  <r,  and  « 
expressions,  and  (2)  integration  from  r  to  r{  (to)  of  the  substituted 
expressions  for  the  radiation  flux  field.  Integration  over  X  by  the  exact 
method  must  be  done  in  small  steps,  because  ^  is  a  complex  function 
which  therefore  requires  greater  machine  computation  time.  Integral 
formulas  are  given  for  calculating  S,<r,  6,  q  (r),  and  div  q  (r)  in  a  homo¬ 
geneous  gas-filled  space  and  S'",  €*,  q+  (r),  (r)>  and  div  q  (r)  in  a 

two-dimensional  homogeneous  gas  layer,  where  q+  (r)  and  q"  (r)  are 
unidirectional  fluxes,  and 

(r)  ~  q*  (r)  —  q-  (r) 


These  formulas  can  be  applied  to  the  case  of  a  multicomponent 
gas  mixture,  if  xR  ^  (T)  is  substituted  for  where  x  (k  =  l . *  )  lt 

molar  concentration  of  the  *  components.  Examples  are  given  of  numerical 
calculations  of  radiation  transfer  in  a  shock  layer  of  hypersonic  air  flow 
around  a  sphere  with  high-velocity  gas  injection  through  the  surface.  The 
q  (r)  data  calculated  by  the  effective  cross-sections  method  in  the  first  and 
second  approximations  are  compared  to  precisely  calculated  q"  (r)  data  for 
the  given  temperature  profile  in  the  shock  layer  (Fig.  2)  with  air  as  the 


Fig.  2.  a-  temperature  profile  in 
shock  layer.  Air  is  to  the  left  and 
injected  gas  to  the  right  of  the  v  =  o 
line;  b  -  q"  (r)  versus  r  plots:  broken 
line  -  exact  data,  solid  lines  -  data 
computed  by  the  effective  cross -sectior 
method,  I  and  II  -  first  and  second 
approximations . 
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injected  gas.  A  comparison  is  also  made  for  an  injected  gas  other  than 
air.  Temperature  profiles  calculated  by  the  same  method  in  the  first 
and  second  approximations  are  shown.  Machine  time  for  the  cited 
examples  was  reduced  by  a  factor  of  120  in  comparison  to  exact  solution 
time  requirements.  The  accuracy  of  q“  (r)  computations  was  15-25%. 


Boyko,  A.  N.  ,  V.  M.  Yeroshenko,  V.  P. 
Motulevich,  and  L.  A.  Yaskin.  Temperature 
state  of  a  porous  plate  cooled  by  strong  blowing 
under  conditions  of  radiative -convective  heating 
I-FZh,  v.  23,  no.  5,  1972,  792-800. 


The  internal  cooling  of  a  porous,  finite  thickness  plate  with 
surface  radiation  flow  was  analyzed  using  initial  equations  describing  the 
heat  tranfer  in  the  wall  and  the  cooling  liquid  in  the  form 


</Tl(. 

dx- 

v-AT,,  -7V 

(1) 

_  ,  Jrn. 

dx 

!>cr  (7’v  7’,.). 

(2) 

where  X-  thermal  conductivity  coefficient,  Tw  -  plate  surface  temperature, 
Tg  '  coolant  temperature,  «w  -  volumetric  coefficient  of  internal  heat 
transfer,  p  -  density,  v  -  velocity  and  c  -  isobaric  heat  capacity.  By 
simple  tranformations  of  the  (l)  and  (2)  equations,  the  generalized  equations 
of  energy  for  a  porous  material  are  written  in  the  dimensionless  form 


IK 

4* 


Nu  J 
Pc  d 


0. 


(3) 


where  o  — 


the  unknown  quantity  of  temperature  excess  at  the 
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wall  outlet,  Nu  -  Nusselt  number,  Pe  -  Peclet  number,  d  -  particle 
diameter,  1  -  plate  thickness,  and  £  is  a  dimensionless  coordinate.  The 
boundary  conditions  of  Eq.  (3), necessary  for  measuring  the  temperature 
field, are  derived  and  a  solution  to  £  boundary  -  value  problem  for  this 
equation  is  found.  Based  on  the  solution,  an  expression  for  the  temperature 
excess  at  the  porous  wall  outlet  is  formulated  an  analyzed  for  various 
blowing,  heating  and  plate  parameters.  The  experimental  setup  and  procedures 
used  to  verify  the  theoretical  results  are  described,  and  the  findings  on  the 
temperature  excess  are  presented  in  a  graph.  The  agreement  of  the  results 
was  satisfactory.  The  experimental  and  theoretical  data  indicate  that  when 
strong  blowing  is  used  the  temperature  variation  between  a  porous  material 
and  the  coolant  may  be  substantial,  which  should  be  considered  when 
calculating  thermal  regimes  for  certain  equipments, 


Galkin,  V.  S.  ,  M.  N.  Kogan,  and  O.  G. 
Fridlender.  Gas  flow  around  an  intensively 
heated  sphere  at  low  Reynolds  numbers. 
PMM,  no.  5,  1972,  880-885. 


The  problem  of  gas  flow  around  a  uniformly  heated  (cooled) 
sphere  at  Reynolds  numbers  «  l  is  solved  allowing  for  the  Barnett 
thermal  stresses,  under  the  assumptions  that  the  effect  of  gravitational 
convection  is  negligible  and  the  gas  is  monatomic  and  composed  of 
Maxwellian  molecules.  The  adiabatic  constant  is  5/3  and  the  Prandtl 
number  is  2/3.  Using  the  authors' earlier  formulated  (MZhiG,  no.  3,  1970) 
dimensionless  conservation  (state,  energy  and  angular  momentum)  equations 
and  boundary  conditions,  the  slow  motion  (M  «  l)  of  gas  around  the 
uniformly  heated  (cooled)  bodies  is  described.  The  equations  and  boundary 
conditions  using  a  spherical  coordinate  system  and  certain  conditions  and 
assumptions,  were  revised  to  describe  the  gas  flow.  The  problem  was 
reduced  to  the  solution  of  a  boundary-value  problem  for  a  system  of  ordinary 


9- 


linear  differential  equations.  Numerical  integration  was  simplified 
by  introducing  new  variables.  Using  an  expression  for  the  variable  part 
of  the  stress  tensor  and  the  derived  equations,  the  effect  of  the  local 
thermal  stresses  on  the  force  F  acting  on  the  sphere  is  analysed.  It 
is  shown  that  this  effect  is  equal  to  zero  and  the  force  F  is  an  integral 
over  the  sphere  surface  owing  to  the  pressure  and  viscous  stresses.  The 
numerical  results  indicate  that  the  thermal  stresses  affect  the  velocity 
field  only  slightly,  but  at  high  temperatures  F  decreases  rapidly.  Graphs 
are  given  of  numerical  results,  both  with  and  without  allowance  for  thermal 
stresses. 


Kleyner,  M.  K.  A  method  for  solving  the 
heat  transfer  problem  in  heating  of  large 
bodies  in  a  moving  layer.  I-FZh,  v.  23, 
no.  5,  1972,  926-927. 


Heat  transfer  problems  in  the  heating  of  large  bodies  in  a 
moving  layer  are  classed  as  complex  boundary  value  problems.  In  addition 
to  the  usual  boundary  conditions  of  the  third  kind,  a  coupling  equation  for 
the  temperatures  of  the  gases  and  heated  bodies  is  given. 


•« r  (•*) 


\V  (.V)  '  -  Q  t-V)  j-  ,,U'.  |.'r  /r  (A)|  *  Hi  [/,  (.V)  /(I.  .V)l  * 

,,X  ,U  (1) 
«  tK.lM-Y)  'Upl. 

where  W(X)  is  a  given  differentiable  function,  dependent  on  the  ratio  of  gas 
and  heated  bodies  water  equivalents;  and  Q(X)  is  a  function  dependent  on 
the  heat  release  variation  in  the  gas  phase.  (The  remaining  values  are 
defined  by  the  author  in  I-FZh,  v.  18.  no.  2,  1970). 


The  solution  method,  similar  to  the  Tikhonov  method, 

is  based  on  solving  the  third  boundary-value  for  arbitrary  t  (X),  and 

r 

substituting  this  solution  in  Eq.  (1),  to  derive  an  integro-differential  equation 
for  tf(X).  Numerical  realization  of  the  method  revealed  computational 
difficulties  in  the  domain  of  small  W(X)  values,  close  to  th'i  point 
at  which  the  free  term  and  the  kernel  of  the  integral  equation  have 
singularities.  When  W(X)  changes  linearly,  the  solutions  can  be  obtained 
by  the  method  of  perturbations  in  the  form  of  infinite  sums.  To  determine 
unknown  coefficients,  a  system  of  recurrence  equations  is  derived  which 
can  be  solved  by  the  cited  method  of  integro-differential  equations.  The 
application  of  both  methods  is  feasible  for  almost  the  entire  domain  of 
W(X)  variations. 


Shestaka,  I.  S.  Coefficient  of  meteor 
ablation  and  maximum  brightness, 

Astronomicheskiy  vestnik,  v.  6,  no.  3, 

1972,  186-194. 

A  statistical  analysis  is  presented  of  data  from  baseline 
photographic  observations  in  Odessa  of  bright  meteors  Meteor  velocity 
v  and  drag  dv/dt,  and  instant  (I)  and  integral  (E)  meteor  luminous  fluxes 
were  determined  for  meteor  trail  image  point;?;  and  the  ablation  coefficient 
<r  for  these  points  and  the  mean  crof  each  meteor  were  calculated  The 
mean  log  (rvalue  of  the  meteors  was  found  to  be  -11.  39  ±  0.  05.  The  log  <r 
of  various  meteor  showers  is  also  shown.  Plots  of  the  mean  log  a  values  of 
the  Odessa  meteors  versus  the  principal  parameters  of  meteoroids  falling 
through  the  atmosphere  (Fig  1)  show  that  O  decreases  with  increasing  v,  but 
is  apparently  independent  of  the  mass  m,  zenith  angle  of  the  meteor 
radiant,  and  atmospheric  density  p. 
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Fig.  1.  Ablation  coefficient  versus  meteor 
parameters;  light  circles  are  observed  mean 
log  a,  cm"*,  sec  ,  dark  circles  are  log  a 
values  adjusted  to  a  reference  meteor. 
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The  observed  log  oof  all  meteors,  sporadic  meteors,  and 
Pcrscids  also  depend  on  the  integral  E.c  from  the  meteorite  appearance 
‘‘til  lt8  disappearance.  The  E-c  dependence  of  a  is  attributed  to  the  v  effect, 
since  the  m-dcpcndcnce  of  a  is  negligible.  When  meteor  log  a  data  are 
adjusted  to  a  reference  meteor  with  the  parameters 

lg  vm  —  6.477,  Ig  m.  —  0.77,  Ig  cos  —  -0.20,  ^  j } 

and  log  pmax  at  maximum  brightness  =  -8.00,  a  decrease  in  log  o  is  observed 
with  an  increase  in  Pmax(Fig  l).  The  weak  pmax  dependence  and  a  more 
pronounced  v-dcpcndcncc  of  log  o  may  be  due  to  a  decrease  of  the  heat  transfer 
coefficient  from  an  increased  barrier  effect  of  the  ablated  molecules,  o-  to 
the  rise  in  the  effective  heat  of  ablation 


1  he  observed  absolute  magnitude  of  maximum  meteor  brightness 
Mmax  °f  al1  the  bri8ht  Odessa  meteorites  was  calculated  to  be  lower  than 
theoretical  Mmax  values.  This  finding  indicates  a  changing  ablation  pattern 
during  the  flight  of  large  meteoroids  which  break  ^pinto  bright  meteors  The 
observed  Mmax  increased  sharply  with  meteoroid  acceleration  and  increases 
in  their  mass,  but  only  insignificantly  with  an  increase  in  cos  Z^. 
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Murav'yev,  A.  I.,  I.  V.  Chernyshevich, 
and  S.  L.  Fofanov.  Method  for  solving 
Stefan  problems .  IAN  B,  seryya  fizika 
energetychnykh  navuk,  no.  4,  1972,  108-112. 


A  method  is  introduced  to  solve  a  one-cumensional,  single- 
phase  boundary  value  problem  for  a  moving  boundary  in  the  process  of 
material  destruction.  This  problem  arises  in  calculations  of  the  temperature 
field  in  heat -insulating  coatings  on  flying  vehicle  nose  sections,  heat  transfer 
in  combustion  of  solid  rocket  propellants,  and  heating  of  electrodes  in  plasma 
devices.  The  method  is  based  on  the  assumptions  that  the  time  function  x  = 
SM  describing  the  boundary  motion  is  known,  and  heat  flux  transfer  occurs 
within  the  destruction  region.  A  partial  differential  equation  of  heat 
conduction  with  boundary  conditions  describes  the  destruction  and  ablation 
phase  of  the  problem.  The  Stefan  condition  at  the  boundary  is 


.  ,  dS  .  dt  (0,  t) 

q(x)  r=pX- - X  -i- — 

dt  ax 


(1) 


where  dS/  d*  is  the  velocity  of  the  coordinate  system  motion  in  a  positive 
direction  along  the  Ox  axis,  p  is  the  material  density,  x  is  the  total  heat  of 
fusion  and  vaporization,  and  X  is  the  coeffic  ent  of  thermal  conductivity.  By 
applying  a  Laplace  transform  and  a  Euler  formula  to  the  partial  differential 
equation,  an  integral  equation  and  a  formula  are  derived  for  the  time  function 
g(t )  of  the  heat  flux  and  the  temperature  distribution  field  t(x,  x  ),  respectively. 
When  the  temperature  function  of  the  thermal  properties  is  known,  x(t)  is 
introduced  into  the  original  differential  equation  and  the  problem  becomes 
self-similar.  If  v  ( t )  =  dS/d<  is  the  boundary  motion  velocity,  the  ablation 
rate  is  S(  t )  =  0  Va(TQ)T  ,  where/8is  a  dimensionless  factor  and  a  is  the 
diffusivity.  The  ablation  rate  v(t  )  decreases  and  burnup  increases  with 
time,  as  shown  by  calculated  v(  x  )  and  S(  x  )  plots.  For  a  graphite  with 
constant  thermal  properties,  t(x,  «  )  and  g(t  )  in  the  combustion  region  are 
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plotted  (Figs.  I  and  2) 


1‘  TemPe'iature  distribution  in 
a  hot  plate  versus  burning  duration 
T  curves  c° -res pond  to  1,  3,  4,  6,  9, 

»  ^5,  36,  and  100  sec.  from  left  to 
right. 


Fig.  2.  Total  heat  flux  distribution 
required  for  destruction  and  ablatioi 
and  transferred  to  a  solid  body 
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Konkin,  A.  A.,  and  N.  F.  Konnova.  Carbon 
libers.  Znurnal  Vsesoyuznogo  Khimicheskogo 
obshchestva,  no.  6,  1972,  632-639. 


citations  f  VS  3  reV16W  °f  thC  1953  "19?l  HteratUre  (ab°Ut  20%  of  *• 
are  fr°m  S°Vle‘  80Urces»  °"  'ho  Preparation,  properties,  and 
applications  of  carbon  fibers.  Preparation  of  carbon  fibers  from  poly 

acrylonitrile,  (PAN,  and  raw  hydrated  cellulose  fibers  is  emphasised  as  the 

only  process  presently  used  for  manufacturing  various  types  of  carbon  fibers. 
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900-1500°  C  in  an  inert  gas  atmosphere  “ 

IS  greatest  at  280-420°  r  a  td  t“at  weight  loss 

evidence  .ha,  ,he  original  fibrous  structure "J'Z  r T 

leas,  in  ,he  early  stage  of  the  carbonization  process  T  ^  “ 

affects  carbon  fiber  properties  r  k  •  ’  d  consequently 

also  studied  by  Soviet  scientists  E  7™'°°  hydra‘ed  CeUul°aa  was 
ia  one  of  the  most  important  thermal"  that  'evoglucosan 

et  al  found  that  a  two-dimensioIII^rderimTph8111011  products‘  A.  S.  Pialhov 

and  a  three-dimensional  ordering  appears  at  ,00°  ' 

the  use  of  nitrogen,  cellulose  He  •  onkin  et  al  recommend 

-  “ — — - ~rb—  «-* 

fibers  from  other  synthetic  fibers,  Tg^PVC^T  °”  PreParati°”  °f  carb»n 

but  high-quality  carbon  fibers  from  these  raw  flbJrTh  PO’yamide  ^ 
produced.  Non-Soviet  data  are  •,  a  haV°  not  S^t  been 

from  petroleum  and  coal  tars  aTJef  '  PreParati°n  °f  ^‘r  °arbon  fibers 
°°naldered  to  be  promising  “  I^d  ^  ^  ~ 

resistance,  especially  *  e  at  and  chemical 

are  emphasized.  Compar^r^m ' S'!  aMati°n  of  carbon  fibers 

fiber-reinforced  epoxy  resins  and  th ChiraCteristics  of  carbon 
show  that  the  resins  are  super'  •  6  m°St  C°mm°n  structural  materials 

superior  m  strength-to-density  ratios  and  rigidity. 


Shveykin,  G.  P.  ,  and  V.  D.  Lyubimov. 

Review  of  13th  session  of  the  AN  SSSR 
scientific  council  on  the  problem  of 
physicochemical  fundamentals  for  manu¬ 
facturing  new  heat-resistant  materials. 

NM,  no.  II.  1972,  2058-2059. 

The  subject  scientific  council  session  was  held  May  23-27 
1972  at  Pervoural'sk.  General  topics  of  the  170  papers  presented,  115  by 
Ural  scientists,  were  refractory  materials,  oxygen-free  compounds,  oxides 
and  coatings.  Reports  were  presented  on  the  synthesis  and  properties  of 
dense  sintered  ceramics,  mullite,  Zr02  and  Hf02-base  solid  solutions, 
periclase,  periclase-chromite  composites,  boron  and  aluminum  nitride -base 
compounds  and  others.  Studies  of  the  Eastern  Institute  of  Refractories  are 
cited  on  the  synthesis  of  such  materials  as  mullite  spinels  and  fire-resistant 
concrete.  Progress  is  mentioned  of  research  on  oxidation  of  carbides, 
nitrides,  and  their  alloys,  synthesis  and  properties  of  silicides,  germanides, 
and  aluminides  of  transition  metals,  Zr02-rare  earths  solid  solutions, 
cermets,  and  other  lamellar  compounds,  oxycarbides,  oxynitrides,  carbonitrid* 
and  carboborides.  The  preparation  and  properties  of  protective  heat-resistant 
coatings  were  the  subjects  of  over  26  papers.  Widespread  utilization  of  the 
new  materials  will  contribute  to  the  rapid  development  of  energy,  rocket, 

MHD  generator,  fuel  cell  and  other  technologies. 


Trunin,  I.  I.,  V.  I.  Kumanin,  and  R.  B. 

Bogomol'naya.  Study  of  failure  characteristics 
of  heat-resistant  steel.  MiTOM,  no.  10,  1972, 

46-50. 

Tensile  strength  test  data  are  presented  for  type  EP  44  heat- 
resistant  bracing  steel  containing  (in%):  c  -  0.22;  Cr  -  1.45,  Mo  -  1.03,  V  -  0.9, 
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Nb  -  0. 15,  Ni  -  0. 15,  B  -  0. 0026,  and  Ce  -  0.  06.  The  test  specimens  were 
heat  treated  by  two  different  procedures  to  obtain  the  same  metal  in  the 
brittle  and  plastic  states.  At  565°  C,  the  total  creep  deformation  of  the 
plastic  state  was  more  than  double  that  of  the  brittle  state.  Specimen 
failure  characteristics  were  studied  after  wear  tests,  by  measuring 
microhardness,  density,  and  porosity  characteristics  at  0-10  mm.  distances 
from  the  fracture.  The  data  show  that  creep  failure  resulted  from  micropore 
concentration  in  a  small  volume  of  metal  and  the  formation  of  a  main  crack 
after  the  micropore  concentration  attained  a  certain  critical  value.  The 
greater  the  stress  or  the  shorter  the  time-to-ruptur e,  the  greater  was  the 
micropore  localization.  Conversely  the  lower  the  steel  creep  deformability, 
the  greater  was  the  volume  of  defective  (porous)  metal  and  the  lower  the 
metal  densi  y. 


Vvedenskiy,  V.  L.  Jump  in  heat  capacity 
of  liquid  He3  at  2.  65xl0~3»K.  ZhETF  P, 
v.  16,  no.  6,  1972,  358-360. 

The  author  discusses  the  origin  of  a  l.  8-fold  slope  change 
kink  of  the  pressure-time  curve  P(t),  which  Osheroff,  et  al  (Phys.  Rev. 

Lett,  28,  1972,  885)  detected  at  ~0.  0027°  K  in  the  process  of  cooling  He^ 
to  0.001  K.  The  Osheroff  interpretation  of  the  kink  as  the  manifestation 
of  a  new  solid  phase  is  discarded  in  favor  of  the  hypothesis  that  the  observed 

3 

transition  occurs  in  liquid  He  having  a  short  therma1  relaxation  time. 

-50 

Calculations  show  that  the  transition  time  is  ~2  sec  within  the  10  K  interval 

studied,  which  coincides  with  the  liquid  phase  relaxation  time.  This 

hypothesis  and  the  assumption  of  thermal  insulation  of  a  solid  during  a  fast 

process  led  to  the  conclusion  that  the  kink  on  the  P(t)  ci  rve,  and  consequently 

the  T(t)  curve,  is  correlated  with  a  jump  in  the  heat  capacity  of  liquid  He  . 

This  conclusion  is  supported  by  calculations  based  on  literature  data.  It  was 

established,  allowing  for  the  additional  heat  capacity  C  of  the  solid-liquid 
3 

He  boundary,  that  the  1.  8 -fold  kink  corresponds  to  a  jump  in  heat  capacity 
of  C_/C^  =  2.4  at  a  2.65x10  K  transition  temperature.  A  solid  He^ 


_ 


slow  warming  process  is  described  on  ,he  basis  of  the  proposed  interpretation 
of  the  transition  point.  The  warming  rate  change,  rapidly  due  to  the  jump  in 
■quid  heat  capacity.  This  change  is  reflected  in  pressure  recordings 
The  jump  in  warming  rate  of  the  slow  process,  as  recorded  by  a  platinum 
thermometer,  indicates  that  the  "mantle"  on  solid  He3  at  the  jump  is  much 
thinner  than  on  the  chamber  wall.  Peshkov  (ZHFTF,  v.  48.  1965,  997  and 
UFZh,  V.  94,  1968,  607)  observed  a  jump  in  liquid  He3  heat  capacity  at 
sere  pressure  and  0.003°  K.  An  earlier,  theoretical  study  reported  a  super- 
fluid  transition  jump  of  C./C+  =  l.  7  or  2.  06. 


Vvedenskiy,  V.  L.  ,  and  V.  P.  Peshkov. 
Vapor  pressure  of  He3  and  He4  mixtures 
in  the  temperature  interval  0,  7  to  1,  3°  K 
ZhETF,  v.  63,  no.  4,  1972,  1363-1370. 


3  4  Experimental  data  are  presented  on  vapor  pressure  P  of 

He  -He  mixtures  at  0.  7-1.3°  K  temperatures  for  32.  2  to  98.  6%  He3  concents 
tions  in  the  vapor  phase  and  up  to  5%  He3  concentrations  in  the  liquid  phase 
The  accuracy  of  the  low  pressure  readings  was  3  ji,  adequate  for  the  detection 
of  minute  kinks  on  the  gas  mas s  -pressure  isotherms.  The  special  manometric 
tube  geometry  allowed  P  measurements  down  to  0.  3  torr.  He3  concentration 
in  the  liquid  mixture  was  maintained  constant,  within  a  2%  accuracy,  in  a 
23. 7  cm  liquid  volume.  Experimental  P  data  are  tabulated  (Table  l)  for 
specific  temperatures  and  He3  concentrations  x.  A  0.  3  P,/P  versus  l/T 

curve  was  ploffed  from  Table  1  and  Hlerafure  data  for  *  near  toZ  The 
interpolation  formula 


(where  P3  and  P^  are  the  pressures  of  pure  He3  and  He4  and  x 


(1) 


is  the  He 
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molar  concentration  in  vapor)  was  derived  to  describe  the  vapor-pressure  curve 
of  the  liquid -vapor  phase  diagram  of  the  He  -He  mixtures.  The  vapor  pressur 


curves  (Fig.  1)  calculated  from  the  formula  (l)  agree  well  with  the  experimental 
data  up  to  1.8  K.  Using  the  tabulated  P  data  measured  over  liquids 
containing  0.98-4.79%  He  ,  the  temperature  dependence  of  the  Henry  law 
constant  in  the  0.  7-2.  0°  K  range  was  expressed  by 

4,75(1  /  T  —  0,w)  (2) 

The  a  versus  l/T  plot  is  in  good  agreement  with  the  data  for  high  temperature* 

and  literature  data  interpolated  for  a  10%  He  concentration.  Eqs.  (1)  and 

(2)  were  used  to  compile  tables  of  1000  P  /P,  values  as  functions  of  T  =  0.6- 
o  3  x  '  ^ 

2.0  K  and  0-1  He  molar  concentrations .  The  paramt  ters  A  and  m  of  the 
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gaf  phas™::itT0rnssu8  rrsr  p.'°; for  various 

data,  58  and  78%He3,  x  .  idem  35thJr* 57d*tai  4  '  .l‘te.r(?tur« 

3  -  idem,  9dand97%H„3.  Solid  lines  are  ataK,*  '(I, . 

excitation  spectrum  in  dilute  He3  solutions  in  He4  were  calculated  to  be 

A  *=  — 2,C5  ±  0, 1°,  m'  /  m,  =  2,8  ±  0,2.  ^  ^ 

The  A  value  in  (3)  coincides  with  values  from  the  literature  for  He3 
<  4%  and  in  the  0.6-1.  0°  K  ranse  Th  u  -  concentrate 

than  the  literature  values  for  T  <  0.6»k‘”  "  ^  ^  ^  “  hieh" 


Klyachko,  V.  Method  for  increasing  fatigue 
strength  of  metals.  Ekonomicheskaya  gazeta, 
no.  44,  October  1972,  p.  22. 


The  discovery  is  reported  of  a  low  stress  state  on  contact 
surface  edges  in  a  loaded  composite  body.  The  discovery  was  made  by  K. 
Chobanyan  of  the  Institute  of  Mechanics,  AN  ArmSSR,  from  a  mathematical 
analysis  of  the  load-induced  stresses  in  structural  points  composed  of 
disparate  elements  joined  by  welding,  or  sealing.  Results  show  that  the 
mechanical  properties  of  such  structures  depend  on  the  shape  of  the  joined 
structural  elements  and  the  material  elasticity. 


Chobanyan  proved  that  structural  members  can  be  reinforced 
by  transferring  surface  stress  concentrations  into  bulk  materials.  Reinforce¬ 
ment  is  made  by  optimizing  the  configuration  of  adjacent  structural  members 
and  carefully  selecting  structural  components  materials  based  on  elasticity. 
The  findings  have  application  in  the  increase  of  fatigue  strength  of  structures, 
e.g.,  bridges,  TV  towers,  welded  vessel  Structures  and  reservoirs. 


Khomenko,  A.  A.,  Yu.  Ye.  Smirnov,  V.  P. 

Sosedov,  and  V.  I.  Kasatochkin.  Thermal 
transformation  of  interatomic  bonds  in  glassy 
carbon.  DAN  SSSR,  v.  206,  no.  5,  1972,  1112- 
1114. 

An  x-ray  diffraction  analysis  of  glassy  carbon  formed  at 
varying  temperatures  in  the  1500-3000°  C  range  was  made  to  determine  the 
effect  of  the  heat-treatment  temperature  on  the  interatomic  bonds.  X-ray 


-161- 


diffraction  spectra  of  heat-treated  specimens  were  used  to  compute  radial 
distribution  functions  of  electron  density  (Fig.  1). 


Fig.  1.  Radial  distribution 
function  for  various  heat 
treatment  temperatures  of 
glassy  carbon:  a  -  1,500, 
b  -  1,  800,  c  -  2,000,  d  -  2,600, 
e  -  2,700,  f  -  2,800,  and  g  - 
3 , 000°  C . 


Analysis  of  the  Fig.  I  data  and  similar  data  of  Khomenko, 
Smirnov,  et  al  (DAN  SSSR,  v.  206,  no.  4,  1972)  for  a  specimen  pretreated 
at  l,  800°  C  indicated  the  formation  at  l,  500-1,  800°  C  of  small  regions  of  C 
chains  with  (-C  =  C-)n  and  (=C  =  C=)n  bonds,  which  co-exist  with  diamond¬ 
like  formations  up  to  2,600  C  (the  l.  28  A  peak  in  Fig.  I  b,  c,  and  d).  The 
stability  of  these  formations  is  explained  by  the  high-pressure  generated  by 
very  strong  local  strains  due  to  heat-treatment.  In  the  specimens  pretreated 
at  2700  and  2800°  C,  the  l.  28  A  peak  almost  disappears  completely,  owing  to 
heterogeneous  graphitization  by  the  vapor  phase.  The  peak  reappears  in 
specimens  treated  at  3, 000°  C.  The  curve  of  radial  distribution  of  electron 
density  confirmed  the  assumption  that  continuous  chemical  destruction  and 
synthesis  occurs  in  carbonaceous  materials  over  the  temperature  range 
studied.  At  high  temperatures,  the  vapor  phase  actively  interferes  with  these 
processes.  The  experimental  data  also  confirmed  the  view  of  one  of  the 
authors  (Kasatochkin)  that  glassy  carbon  is  an  amorphous  nongraphitizable 


polymer  composed  of  st>  Rn2  ,  .  . 

H  P  ’  P  *  and  SP  hybrid  state  C  atoms  in  varying 

ratios  and  with  diamond  orantiite  ,  ,  YE 

the  structure  ,  carbyne-type  interatomic  bonds. 

a  po,«  12:;;:;:::;:  ;:r:r ; 15000  c  -  « 

atoms  arranged  in  aromatic  layers  which  are  'toOT*'  (graph,'e'llke)  carbon 
smaller  fragments  of  c  rh  •  n  mterconnected  through  even 

agments  of  C  chams  and  tetrahedral  carbon  microformations 


Savitskiy,  Ye.  M. ,  and  I.  F.  Zudin.  Review 
—'he  26th  session  on  problems  of  stme,.... 
and  high  temper strength  of 
iSaterials..  IVUZ  Metally,  no.  5,  1972,  215-216. 

n  ,  ThC  8ubject  session  was  held  from  April  3  to  6  1972  m 

Baykov  Institute  of  Metallurev  in  \g  P  972  1  the 

iviciauurgy  m  Moscow.  Most  of  cn 

at  the  26th  session  on  metallic  ms,  '  ,  ’“P'”  pre8en'ed 

subiec,  •  metallic  material,  are  reviewed  briefly  in  several 

nr; 

“  “  rr 

on  the  relationship  between  heat  resist  k®  gr°Up  °f  paper 

Pr,  .  .  .  P  "  heat  resistance  and  electronic  structure  n  a 

okoshktn  and  Ye.  V.  VasiFyev  showed  tha,  diffusion  is  the  strength  ' 

rolling  mechanism  at  a  temperature  above  0.  5  T  and  V  K  G  ' 

concluded  that  the  heat-resistance  of  Fe-Al,  Fe-Si  Te  c  «'  r  *0rW 

alloys  depends  on  the  electron  density  of  the  matr*  the  t'  ’  “* 

thermodynamic  stability  of  reinforcing  phases.  ’  Ur<i’  ^ 

was  studied,  among  othV/s^by  v!  “nlva^ndV  WZ^hh^ 

concluded  that  dislocations  formed  during  creep  are  th  ‘Shk,ni  Wh° 

controlling  factor  in  body-centered  cubic  single  crystal!  CreeP'reS'S‘anCe 

ingle  crystals,  e.g.  ,  tungsten;  and 


I 

0 

n 

D 

D 

0 

D 

D 

0 

G 

D 

C 

D 

O' 

0 

D 

0 

0 


by  N.  N.  Rykalin  and  M.  Kh.  Shorshorov,  who  examined  material  deformation 
near  a  free  surface.  Crystal  size  was  examined  by  V.  D.  Sadovskiy  et  al, 
who  established  that  a  high  deformation  rate  in  high-tempera  ;ure  thermo¬ 
mechanical  treatment  can  prevent  recrystallization;  and  by  I.  L.  Mirkin, 
who  determined  that  the  creep-resistance  of  a  steel  with  1%  Cr-Mo-V  increases 

ten-fold  when  the  intercrystalline  distance  is  decreased  from  850  to  550  A 
at  550°. 


The  effect  of  alloying  was  treated  by;  I.  R.  Kryanin  and  L.  P 
Trusov,  who  assumed  that  the  maximum  relaxation  stability  of  l.  5-2  and  12% 
Cr-containing  steels  is  achieved  in  the  presence  of  NbC,  VC,  or  the  inter- 
metalhc  Laves  phase;  L.  N.  Zimina,  who  established  the  positive  effect  of 
Nb  on  Ni-Cr-Fe,  Ni-Cr-Mo-W -Ti,  and  Ni-Cr-Mo-W-Al-Co  alloys ;  N.  N. 
Morgunova,  who  confirmed  the  beneficial  effect  of  Mo  alloying  with  W,  Ta, 

Re,  Os,  and  Zr(0.  1-0.  2%);  and  L.  I.  Pryakhina  et  al,  who  achieved  a  five¬ 
fold  increase  in  W  strength  by  alloying  with  Ta  and  Mo. 

The  thermal  stability  of  composite  Ni  materials  strengthened 
with  W  and  Mo  fibers  was  discussed  by  B.  S.  Natapov  and  F.  P.  Banas,  as 
well  as  V.  Ye.  Panin  and  Ye.  F.  Dudarev. 


Surface  protective  coatings  were  studied  by  V.  p.  Prosvirin 
and  by  Yu.  I.  Kozuba.  The  latter  measured  the  creep  rate  and  long-term 

strength  of  Si,  Ti,  and  Cr-coated  Mo,  TsM-2A  alloy,  and  Nb  loaded  in  the 
air  for  10-100  h  at  l,  200°. 
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The  Director  of  the  USSR's  Institute  of  Oceanology,  A.  S. 
Monin,  discusses  Soviet  and  East  European  cooperation  in  ocean  research 
m  a  recent  issue  of  Literaturnaya  Gazeta.  According  to  Monin,  the  Board 
of  Representatives  from  five  member  countries  of  the  Council  of  Mutual 
Economic  Assistance  (Bulgaria,  East  Germany,  Poland,  Rumania,  and  the 
Soviet  Union)  met  recently  in  Gdynia,  Poland.  The  Board  of  Representatives 
was  appomted  last  year  to  resolve  one  of  the  points  agreed  to  in  the  "General 
Program  of  Socialist  Economic  Integration",  specificallv,  the  resolution  on 
The  ot  dy  of  the  Chemical,  Physical,  Biological,  and  Other  Processes  of 
the  Major  Areas  of  the  World  Ocean".  The  Board  is  also  responsible  for 
overseeing  the  activities  of  the  International  Coordinating  Center  which  has 
been  set  up  within  the  framework  of  the  Institute  of  Oceanology  of  the  USSR. 
Some  representative  institutions  involved  in  the  joint  oceanographic  research 
programs  are:  the  Center  for  Scientific  Research  and  Planning  for  the 
Fishing  Industry  (Bulgaria);  the  Institute  of  Marine  Science  (East  Germany); 
the  Institute  of  Ocean  Fisheries  (Poland);  the  Institute  of  Marine  Research 

(Rumania);  the  State  Oceanographic  Institute  of  the  USSR  Hydrometeorological 
Service;  and  others. 


Monin  describes  various  joint  research  areas  in  general  terms 
citing  global-scale  air-sea  interface  studies,  fish  farming  research,  undersea 
mining,  sedimentation,  crustal  origin,  etc.  Plans  are  presently  under  way 
for  joint  oceanographic  cruises  by  the  above  countries  in  the  Atlantic  Ocean 
and  the  Baltic  and  Black  Seas.  The  research  programs  are  to  be  coordinated 
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by  the  International  Coordinating  Center.  It  is  mentioned  that  the  Soviet 
R/V  Akademik  Kurchatov  and  the  East  German  R/V  Alexander  Humboldt 

Owill  participate  together  in  a  program  begun  last  year  by  Soviet,  Polish, 

and  East  German  scientists  aboard  the  R/V  Albrecht  Penck  (East  Germany). 
Last  year's  program  involved  a  month-long  study  of  pollution  levels  in  the 
Baltic  Sea. 
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In  concluding  his  article,  Monin  touches  on  "man-in-the-sea" 
research,  stating  that  manned  submersibles  are  the  most  effective  research 
technique  available  to  modern  oceanography.  Joint  Soviet  and  East 
European  man-in-the-sea  research  will  be  concentrated  at  an  international 
oceanological  research  facility  to  be  established  probably  at  Varna,  Bulgaria 
This  site  was  selected  because  the  Black  Sea  is  warmest  in  this  area  and  the 
coast  zone  is  highly  suitable.  The  facility  will  be  permanently  staffed  by 
specialists  and  divers  from  the  five  participating  countries. 
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